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The 6800/2 uses our new A2 processor board with socket 
space for 8K bytes of ROM/PROM. This makes it possible 
to use the 6800 in applications where ROM programs are 
useful without purchasing an expensive PROM accessory 
board. The A2 board has a DIP switch selector that allows 
you to replace any 8K block of memory above the RAM 
memory that extends to 32K with memory external to the 
processor board itself. This lets you develop special pro- 
grams that will later be put in PROM in a normal RAM 
memory card where it can be modified and debugged. The 
А2 board has a crystal controlled baud rate oscillator and a 
separate clock driver oscillator whose frequency may be 
changed with a programming resistor. The A2 
processor board gives you the maximum possible flexibility 
in setting up a computer system. 


SWTBUG® Monitor— 

The 6800/2 is supplied with our new SWTBUG® monitor. 
This new monitor is software compatible with the earlier 
Mikbug® monitor used in the 6800. All major subroutine 
entry points are identical. SWTBUG® features a resident 
MF-68 Minifloppy disk boot, single level breakpoints, 
vectored software interrupt, generation of punch end of 
tape formatting and automatic interface configuring for 
either the MP-C control interface or MP-S serial interface. 


ACIA Type Interface— 
The 6800/2 uses our МР-5 serial interface, This RS-232 and 


| 


sum! 6800 


COMPUTER 
SYSTEM 


20 Ma. TTY compatible interface may be configured to op- 
erate serially at the following baud rates: 110, 150, 300, 
600, 1200, 2400, 4800 and 9600. Complete interrupt con- 
trol is available through the user’s software. 


4K Static MEMORY— 

The 6800/2 comes wth 4K of static RAM memory on our 
MP-8M board. The memory may be expanded to 8K by the 
addition of eight more memory chips. No additional parts 
are needed. Full buffering of all data, address and contral 
lines is a standard feature. Memory expansion to 32K of 
continuous RAM memory and up to a 48K mixture of 
ROM/RAM is possible with this system. 


ACCESSORY BOARDS- 

Do you have a special job? Our accessory boards make it 
possible to use the 6800/2 for almost any type of computer 
application. We have our MP-T interrupt timer with soft- 
ware interrupt selectable output. Our MP-N calculator inter- 
face that allows you to do arithmetic functions in hard- 
ware. Our MP-R EPROM programmer that programs and 
verifies EPROMs right in the machine—and more coming. 


6800/2 Кїи................. $439.00 ppd Cont. U.S. 
6800/2 Assembled............ $495.00 ppd Cont. U.S. 
swrBua t is a registered trademark of Southwest Tech. Prod. Corp. 


Mikbug® is a registered trademark of Motorola, Inc. 


J SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 


SAN ANTONIO, TEXAS 78216 
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YOU CAN GET THAT 
ALL-IMPORTANT SOFTWARE, 
TOO 

Loading your programs and files 
will take you only a few seconds with 
the new Cromemco Z-2D computer. 

You can load fast because the 
Z-2D comes equipped with a 5” 
floppy disk drive and controller. Each 
diskette will store up to 92 kilobytes. 

Diskettes will also store your pro- 
grams inexpensively—much more so 
than with ROMs. And ever so much 
more conveniently than with cas- 
settes or paper tape. 

The Z-2D itself is our fast, rugged, 
professional-grade Z-2 computer 
equipped with disk drive and con- 
troller. You can get the Z-2D with 
either single or dual drives (dual 
shown in photo). 

CROMEMCO HAS THE 
SOFTWARE 

You can rely on this: Cromemco 
is committed to supplying quality 
software support. 

For example, here's what's now 
available for our Z-2D users: 
CROMEMCO FORTRAN IV COM- 
PILER: a well-developed and power- 
ful FORTRAN that’s ideal for scien- 
tific use. Produces optimized, relo- 
catable Z-80 object code. 
CROMEMCO 16K DISK BASIC: a 


1/0 handling capabilities. Particularly 
suited to business applications. 
CROMEMCO Z-80 ASSEMBLER: a 
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The professional- 
grade microcomputer 
for professionals 


ADVANCED CONTROLLER CARD 
The new Z-2D Is a professional 
system that gives you professional 


In the Z-2D you get our well- 
known 4-MHz CPU card, the proven 
Z-2 chassis with 21-slot motherboard 
and 30-amp power supply that can 
handle 21 cards and dual floppy 
drives with ease. 

Then there’s our new disk con- 
troller card with special features: 

© Capability to handle up to 4 

disk drives 

* A disk bootstrap Monitor in a 

1K 2708 PROM 

e Ап RS-232 serial interface for 

interfacing your CRT terminal 
or teletype 
* LSI disk controller circuitry 


7-2 USERS: 

| Your Z-2 was designed with the future 

| in mind. It can be easily retrofitted 
with everything needed to convert to 

a Z-2D. Only $935 kit; or $1135 for 
assembled retrofit package. 
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We're able to put all of this in- 
cluding a UART for the CRT interface 
on just one card because we've taken 
the forward step of using LSI con- 
troller circuitry. 


STORE/FACTORY 


Contact your computer store or 
Cromemco factory now about the 
Z-2D. It's a real workhorse that you 
КШДШ Шола or E 


Kit: Kit: 220 with 1 disk drive 
Model Z2D. 
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The easy way to get disk storage, 
FORTRAN IV, and other programming power 


Control up to Control up to CRT terminal 
four 8" drives three 5" drives interface 
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oi enor- board control of your disk drive STORES/FACTORY 
mous disk je since the new con- and also includes a bootstrap to This new card and the disk drives 
troller puts 92 kilobytes on each side load our powerful CDOS disk are in production and available. 
of a 5” diskette and 256 kilobytes operating system supplied on all So contact your computer store 
an 8 Recording is in soft- diskettes. or the factory today and you can have 
IBM • The will your the power of and a 
TV'AND MORE Eu o de large memory right away. 
disk aids. For example, we l Model AFDC-K Disk Controller Kt... ...... $ 395 
also offer FORTRAN IV for our сот: git has Model 4FOG-W Disk Сыпай еШ 5 595 
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troller (supplied in our Z-2D) is for 
our Z-2 computer ofan 100 Sus 
computer using our 
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other capabilities of the new con- о €i aco 
rs in computers and peripherals 
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Page 6 


With good reason, many computers 
these days have no front panel for low 
level data entry and display. But some- 
times а real time pattern ''signature"' 
of an executing program can be useful. 
This month, Steve Ciarcia shows how 
to build А Penny Pinching Address 
State Analyzer which can be used 
with an X-Y oscilloscope to monitor 
the address bus of your computer in 
real time. If you build this state 
analyzer, you'll see a unique pattern 
corresponding to each "steady state" 
loop of an executing program. 


When is a personal computer more 
than a personal computer? When it is 
plugged into a network of personal 
computers for purposes of message 
transfer via phone lines, sharing of 
programs, and perhaps even execution 
of multiple player logical games. In 
this issue, Mike Wilber begins a three 
part series of articles on the concept 
of CIE Net: A Design for a Network 
of Community Information Exchanges. 

Page 14 


Are you looking for a driver for 
your model railroad's roundhouse 
turntable? Perhaps you need some 
motive power for a robot. For genera- 
tion of controlled rotary motion, 
stepper motors as described in Robert 
E Bober's article Taking the First Step 
are essential. He provides readers 
with valuable background information 
on these fascinating mechanical out- 
puts for personal computers. 

Page 35 —— 
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When is a boat like a raft of bottles? 
When it is conceptually chopped into 
many individual buoyancy elements 
for the purpose of simulating its per- 
formance on a choppy water surface? 

In this issue Stephen P Smith con- 
tinues his series of articles on the 
simulation of motion in personal com- 
puters with a discussion of motion of 
extended objects in Simulation of 
Motion, Part 4: Extended Objects, 
Applications for Boating. Turn to 
Stephen's article for more details and 
a BASIC program which simulates 
rolling or pitching motions of an arbi- 
trary boat hull cross section. Page 42 


interactive editing is enhanced 
when a light pen can be used to zero 
in on a text location. See how to 
Add a $3 Light Pen to Your Video 
Display using the combination of 
hardware and software techniques 
provided by John Webster and John 
Young in this issue. Page 52 


If you own a KIM-1 computer, 
here's an answer to the perpetual 
problem of entering and debugging 
large programs. Dan Fylstra's article 
SWEETS for KIM shows you how to 
add a mini text editor and assembler 
that fits in the KIM's 1 K bytes of 
programmable memory and still leaves 
room for your programs. Page 62 
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In past BYTEs Mike Wilber and 
Dave Fyistra have suggested the con- 
cept of a "Community Information 
Exchange." Read Jeff's Personal Com- 
puters in a Distributed Communi- 
cations Network for a discussion of 
some of the technological (and poli- 
tical) aspects of such a concept, which 
is well within reach of our present 
personal computing hardware and 
software. Page 80 


Last month, we began Ernest W 
Kent's series of articles on The Brains 
of Men and Machines. The discussion 
continues this month with the next 
installment, How the Brain Controls 
Output. Aspiring robotics hackers will 
find this to be an invaluable back- 
ground input on the information sys- 
tems found in nature, which can serve 
as a source for ideas on new infor- 
mation systems designed by humans. 

Page 84 


The minifloppy has arrived, as 
many readers probably know, and its 
popularity is increasing with time. 
If you'd like to take advantage of its 
low cost, then read David Allen’s 
Minifloppy Interface and try your 
hand at adding a minifloppy to your 
system. Page 114 


Entomology is the study of bugs. 
Gary McGath provides some introduc- 
tory insight into various species of 
programming bugs, and some general 
design guidelines to prevent their 
occurrence in his background article 
on Programming Entomology. Page 762 


Have you ever needed to experi- 
ment with a circuit and ended up 
rewiring it again and again? Wouldn't 
it be nice to have a program that 
simulated the circuit and could be 
easily modified to change the para- 
meters? Read Robert Grappel’s A 
Simple Digital Filter and find out all 
about filter simulation on your own 
computer. Page 168 


About the Cover. . . 


The February issue contains two articles 
on the subject of communications networks 
for the personal computer user. The idea 
here is to create a number of noncommercial 
networking applications based on individual 
experimenters talking to individua! experi- 
menters. One of those articles, by Mike 
Wilbur (who spends his professional time at 
Stanford Research Institute), is a hypotheti- 
cal design specification in several parts for a 
"Community Information Exchange" net- 
work. Mike's article was written as a prelude 
to work of the PC Net committee headed 
by Dave Caulkins and including a number 
of the Homebrew Computer Club members 
in and around Palo Alto CA. 

Using Mike's preliminary design as a 
model, we asked Robert Tinney to create 
this fantasy on a theme of Community 
Information Exchanges. The "Community 
information Exchanges” are processing 
nodes of the CIE network, talking locally 
with telephone lines and globally via such 
long distance media as amateur radio 
(including perhaps satellite links via 
AMSAT). The "walls" of ClEland represent 
the boundaries of the protocol of the 
network: through an appropriate interface 
the users of the CIE NET protocol can 
talk to the PC NET protocol through a 
PC NET “gate,” to an ARPA net protocol 
through an appropriate gate arranged by 
some friendly local university’s computer 
science department or artificial intelligence 
laboratory, or to the "X" network where 
X in the picture is "MUSIC" but could 
be arbitrary. The CIE as originally en- 
visioned is an amateur and noncommercial 
group growing out of a common interest 
in compuer to computer communications. It 
would in some sense serve as a prototype 
and innovative test bed for what might later 
become low cost commercial networks in 
much the same way that numerous amateur 
radio innovations are now part of the tech- 
nology of radio communications. . CHa 


Articles Policy 


BYTE is continually seeking quality manu- 
scripts written by individuals who are applying 
personal computer systems, designing such sys- 
tems, or who have knowledge which will prove 
useful to our readers. For a more formal descrip- 
tion of procedures and requirements, potential 
authors should send а selfaddressed, stamped 
envelope to BYTE Author's Guide, 70 Main 5t, 
Peterborough NH 03458. 

Articles which are accepted are purchased with 
a rate of up to $50 per magazine page, based on 
technical quality and suitability for BYTE's 
readership, Each month, the authors of Ihe two 
leading articles in the reader poll [BY TE's Ongoing 
Monitor Box or "BOMB") are presented with 
bonus checks of $100 and $50. Unsolicited 
materials should be accompanied by fuil name and 
address, as well as return postage.B 
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WITH THE NEW AND 
IMPROVED VB-1B 
VIDEO INTERFAC 


YOURS 
FOR ONLY 


$149.95 


Now, the first complete software 
oriented video system (the VB-1B) is 
even more versatile. The newly improved 
VB-1B Video Interface Board gives you 128 possible 
characters to play with. Graphics galore. Horizontal and 
vertical oscillators that operate within 1.695 of actual TV 
standards to get rid of wiggle, rolling and jitters. The 
VB-1B cuts snow by up to 50% and provides 8% left and 
right margins. And we'll give you a "Doodle" program so 
you can play around with graphic shapes on your own 
screen. Easy connection and adjustments . . . with the 
new VB-1B. Available—along with all our other S-100 
bus compatible products—either from your local 
computer store or from us directly. 
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Figure 1: A 256 by 256 point address state analyzer that displays dynamic fluctuations of a computer's 16 bit memory address 
bus. Two 8 bit digital to analog converters drive the horizontal and vertical inputs of an oscilloscope with the analog equivalent 
of the eight high order and eight low order address tines. The display gives a visual "signature" of the computer in action. Acces- 
sing of unexpected memory locations which distort this "signature" becomes instantly visible for troubleshooting purposes. 


A Penny Pinching Address State Analyzer 


Steve Ciarsia 
POB 582 
Glastonhury CT 06033 
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Three years ago | got my first home 
microcomputer, а Scelbi 8H. This was 
before the advent of widespread interest in 
persona! computers and it was naturally 
based upon the Intel 8008 processor. Back 
then | was satisfied with the tedious task of 
hand toggling a program into the computer 
and watching the front panel memory 
address and data buffer lights twinkle, 
signifying that the program was executing 
something. After that | bought тоге 
memory which consisted of 2102s. That 
gave me enough space to write only the 
simplest of monitor programs, again using 
the front panel as the display medium. At 
the end of its evolution, my 8008 did have 


a rudimentary video display and 300 bps 
cassette interface; but, if there was one 
major physical characteristic of the first 
generation home computers, it was the 
predominance of the front panel display 
and data entry switches. The concept of 
the integrated home computer "system" 
was yet to be seen. A computer required 
display and data entry switches if it was 
to be powered up and exercised. Additional 
IO devices such as video displays and key- 
boards were luxuries. 

Well, it was inevitable. The prices of 
components have dropped drastically in 
the past few years and the experimenter 
now thinks in terms of a home computer 


Introducing Micro-2 
from Digital Systems 
You might find or put together 
another computer system with the 
same capability as Digital Systems’ 
new Micro-2. But it would probably 
cost you a lot more than $5,000. 
At $4,995 the Micro-2 is a com- 
pletely assembled, compact, high- 
performance microcomputer 
system with Shugart dual-drive, 
double density floppy disks. Its 
single computer board includes a 
2-80 CPU, 32K of RAM, four RS-232 
serial interfaces, 16 bits of parallel 
1/0, and a real-time clock. And on 
the same board you have the 
option of 64K of RAM. 

The single disk controller board 


Circle 42 on inquiry card. 


uses either the standard IBM 3740 
format or a double density format 
of 571K bytes per diskette. Optional 
double-sided drives increase stor- 
age to 2.3 Megabytes. And since 
the controller can support another 
two drives, the storage capacity 

of the Micro-2 can be increased 
even more. 

The simple bus and two-board 
design of the Micro-2 means greater 
inherent system reliability. A short 
cable interconnects the computer 
and controller boards, providing a 
high-speed DMA interface. On the 
computer board there's access to 
the internal bus connector and a 
wire-wrap area for custom logic. 

With the Micro-2, you get the 
comprehensive CP/M disk oper- 


— Begins Wh 


ating system, disk BASIC, and 
complete hardware diagnostics. 
(For the past three years CP/M has 
been field-proven in other Digital 
Systems’ hardware.) What's more, 
extensive accounting software 
packages and high-level languages, 
such as CBASIC and FORTRAN, 
are available. 

So if you're interested in a 
low-cost, high performance micro- 
computer system, you can begin 
and end with the Micro-2. Write 
or call us today about the new 
Micro-2 or our other disk-based 
systems. OEM and dealer discounts 
are available. 

Digital Systems, 6017 Margarido 
Drive, Oakland, California 94618; 
(415) 428-0950. 
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Photo 1: The author's 
computer system, showing 
the address state analyzer 
in operation with a BASIC 
program (see oscilloscope 
in center of picture). The 
program is printing an 
integer sequence of ASCII 
characters on the display 
to the right using the func- 
tion CHR$(X). On the left 
is a 50 K byte Digital 
Group Z-80 system. 


system incorporating a processor, cassette 
interface, read only memory systems 
software, keyboard and video display. 
Fewer and fewer microcomputers have front 
panels that display memory lines or data 
buffers. The memory address in addition to 
the contents of all other pertinent processor 
registers is now usually available through a 
monitor program command. The cost 
effectiveness of the front panel lights and 
toggle switches has diminished to the 
vanishing point. 

{ would never advocate a return to front 


Photo 2: A close-up of the penny pinching address state analyzer display 
showing the result of a power on reset in the computer. Execution begins in 
the 256 byte EROM bootstrap program; the program continually vectors 
to the cassette input port O01 (thin excursion line to the upper left in the 
photo) to see if data is present. 
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panels, by any means. But recall how many 
times you have checked the rhythmic pul- 
sations of particular lights to assure yourself 
that your program was executing correctly. 
Or, how many times have you recognized 
that the program had obviously vectored off 
into the unknown by the graphical represen- 
tation of the 16 address bus lights? Adding 
16 lamps on the memory address lines can 
be done on any microcomputer, and this 
would give us some indication of what the 
program is doing. But the LEDs are truly 
readable only when the processor is in a hold 
state, halted, or otherwise not changing the 
memory address. The chances of obtaining 
a recognizable visual pattern on the LEDs 
are small when running programs written 
in languages like BASIC that jump around 
in memory as they interpret each statement. 
And with LEDs there are only 16 graphical 
elements; this gives poor resolution. 


А $15 Video Analyzer 


There is another way to watch the inter- 
nal program sequence that far exceeds a 16 
bit lamp display: a 256 by 256 point ana- 
lyzer that displays the dynamic fluctuations 
of the 16 bit memory address bus. This 
gadget can be added using only two inte- 
grated circuits and any X-Y oscilloscope 
with sufficient bandwidth. The result is a 
graphical presentation of the computer ín 
action. It is not graphics in the classic 
sense: no pictures can be drawn, and alpha- 
numeric capability is nonexistent. |t is 
instead a point plot of the memory address 
states, dynamically changing during the 
execution of a program. 

The 6800, 8080, Z-80, 6502 and other 
processors all have 16 bit address buses. 
They directly address 64 K bytes of memory 
(ie: there are 65,536 possible address com- 
binations). The address bus can be divided 
into eight bits of high order address and 
eight bits of low order address. 

If either of these address portions is 
attached to the eight input lines of a pair 
of digital to analog converters, two 
unique analog voltage values are produced 
for each address location. The two voltage 
outputs, one for high address and one for 
low address, can then be attached to the ver- 
tical and horizontal inputs of an oscillo- 
scope. The result is a fascinating animated 
display of a computer in action. 


Constructing the State Analyzer 


It isn't often that | can outline a design in 
which layout, physical components, absolute 
voltages, input and output polarities, or 
input attachments are so flexible. This 2 
chip circuit can be hooked up any way you 


Software systems from TSC are designed for 
tough business and industrial uses on the job 
or just plain fun off the job. Whether you are 
looking for a system to be used primarily in 
a working situation or a system for the home, 
look into TSC software. 


Assembly Language Programs (Include 
Source Listings) 

SL68-29 6800 Text Processing System* $32.00 
SL68-24 6800 Text Editing System’ $23.50 
SL68-26 6800 Mnemonic Assembler' $23.50 


SL68-19 6800 Micro BASIC Plus’ $15.95 
SL80-9 8080 Space Voyage $12.00 
SL68-5 6800 Space Voyage’ $12.00 
SL68-27 6800 Disassembler $ 9.00 
SL68-28 6800 Program Relocator $ 8.00 
PD80-2 8080 Game Package II $14.00 


SL80-8 8080 Blackjack 5 6.50 
MUB-68 Multi-User System — Write for details 


"Kansas City Standard object code cassette 
tape available for an additional $6.95. 
Paper tapes available for some programs. 
Send 25€ for complete catalog. 


TECHNICAL SYSTEMS 
CONSULTANTS, INC. 


BOX 2574 W.LAFAYETYE INDIANA 47906 
317-742-7509 


V 
SPECIALISTS [IN SOFTWARE & HARDWARE FOR INDUSTRY А THE HOBBYIRT 


Circle 116 on inauiry card. 


Program-of-the-Month Club" 

One year membership for $2.00. Discounts 
offered with no obligations. 

To Order: Include 396 postage, $1.00 handling, 
on orders under $10.00, and Indiana 
residents add 495 sales tax. Check your 
dealer! 


TSC Monthly Feature: 


8080 Text Editing System 
At Last! An 8080 version of the famous 
TSC 6800 Text Editing System. 


Written in assembly language, approx- 
imately 5k is required allowing local, 
global, content, character and line opera- 
tions. For example, with one command you 
can change the second occurrence of the 
string “12345” in the next 35 lines to the 
string “XYZ”. 


Included are Tabs, Overlay, block Move 
and Copy. Header, Append and Zones. 
This Editor is actually better than many 
large scale computer Editors! Source 
listing included. 


SL80-10 8080 Text Editing System $28.50 
PT80-3 Optional Paper Tape $ 9.00 
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Photo 3: Effect of a car- 
riage return while exe- 
cuting TDL 12 K BASIC. 
The long streamer shows 
the program's reference to 
the input port of the key- 
board. 
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want it. You can mix the address bits 
between the two digital to analog converters. 
If you separate the address bytes as | have 
and attach one byte to each converter, the 
display tends to dwell in a narrow region 
along a vertical line. 

The 8 bit digital to analog converter | 
have chosen is the Motorola MC1408. The 
L6, L7 or L8 version can be used since 
absolute accuracy is not important. What is 
being produced is a system signature unique 
to your system and your programming. 
Figure 1 illustrates the schematic of the 
circuit as | attached it to my computer 
address lines. For a more complete de- 
scription of how the MC1408 works, see my 
previous article “Control the World" in 
September 1977 BYTE, page 30. 


Evaluating the Results 


The oscilloscope traces in photos 1, 2, 
3 and 4 are particular to my system and 
software only; but similar, though not 
exact versions, should be produced on 
other systems. Аз diagrammed in the 


schematic, | have used the high order address 
lines to drive the X axis and the low order 
address lines to drive the Y axis. Another 
peculiarity of my system is a logically in- 
verted address bus. The result is that the 
display moves in the opposite direction 
from what one might expect. The higher 
the address, the lower the output voltage. 
Again, as | stated earlier, human pattern 
recognition, not methodology, is important. 

After attaching this video drive to an 
oscilloscope, turn on the power. In my case 
the pattern displayed (as in photo 2) illus- 
trates that the computer is operating in the 
region of memory occupied by the monitor 
software; it regularly vectors to another 
address, that of the cassette input (the 8 bit 
low order memory address lines of the Z-80 
or 8080 are also used to address input and 
output ports) at port 001. Later, when 
running BASIC, repeated addressing of 
keyboard input port 000 can be recognized 
as in photo 3 taken after TDL 12 K BASIC 
was loaded. 

One of the programs which best illus- 
trates this new visual dimension of the 


TARBELL SETS STANDARDS 
For Hobbyists and Systems Developers 


Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists’ changing needs. 


TARBELL 
CASSETTE INTERFACE 


Plugs directly into your IMSAI or ALTAIR* 

Fastest transfer rate: 187 (standard) to 540 bytes/second 
Extremely Reliable — Phase encoded (self-clocking) 

4 Extra Status Lines, 4 Extra Control Lines 

37-page manual included 

Device Code Selectable by DIP-switch 

Capable of Generating Kansas City tapes also 

No modification required on audio cassette recorder 


Complete kit $120, Assembled $175, Manual $4 


TARBELL FLOPPY DISC IN VERE RE 


* Plugs directly into your IMSAI or 
ALTAIR* and handles up to 4 
standard single drives in daisy- 
chain. 

* Operates at standard 250K bits 

per second on normal disc format 

capacity of 243K bytes. 

Works with modified CP/M 

Operating System and BASIC-E 

Compiler. 

* Hardware includes 4 extra IC 
slots, built-in phantom bootstrap 
and on-board crystal clock. Uses 
WD 1771LSI Chip. 

* 6-month warranty and extensive 


а с-н Compatible Disc Drives 
Kit $190 ...... Assembled $265 Ask about our disc drives priced as low as $525. 


* Gold plated edge pins 

* Takes 33 14-pin ICs or 

* Mix 40-pin, 18-pin, 16-pin and 
14-pin ICs 

* Location for 5 volt regulator 

* Suitable for solder and wire wrap 

* ALTAIR/IMSA! compatible 
Price: $28.00 


TARBELL 
PROTOTYPE 
BOARD 


Model 1010 


For fast, off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers 
across the country. Or write Tarbell Electronics direct for complete information. 
* ALTAIR is a trademark/ tradename of MITS, Inc. 


20620 South Leapwood Avenue, Suite P 
^ Carson, California 90746 


(213) 538-4251 
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Photo 4: А complex bus addressing pattern during the execution of a BASIC program. 


computer is a basic memory test program 
as it scans through memory. Dynamically 
varying displays such as these are very 
difficult to photograph and would appear 
as blurs. The photos | have included are 
those of programs with addressing suffi- 
ciently repetitive so that the pattern appears 
stable (see photo 4). 

There is one particular instance that 
proved the worth of the address state 
analyzer оп my system. | had received and 
was in the process of checking out the TDL 
12 K Super BASIC software package distri- 
buted by Micro COM for the Digital Group 
Z-80 system, and was having trouble getting 
the software to execute in 26 K of memory. 
Rather than call the company and complain 
of a possible bad tape, | turned on the 
address state analyzer and loaded the tape. 
| could see the computer cycling through 
the cassette input section of the monitor and 
depositing it in increasingly higher portions 
of memory. At its conclusion, the words 
"Highest Memory" appeared on the screen. 
| promptly typed in 26000 and hit a carriage 


return. The computer took off and started 
doing a scan across memory in a pattern 
similar to that of a memory test program. 
Following this, the computer went into 
visible convulsions (or the electronic equi- 
valent) on the ocilloscope and never re- 
turned to the display. | loaded the program 
once again and this time answered the ques- 
tion with 20000. The result was an intro- 
ductory blurb indicating that BASIC was 
fully operational. A quick scan of the 2 K 
bytes of memory on the processor board 
verified that they were wired for something 
other than 24 K to 26 K. The address state 
analyzer (in which | now had considerably 
more faith) told the complete story. After 
replying to the ''Highest Memory," the 
program apparently scanned memory and 
tried to verify that the typed input was 
indeed plausible. In a false case it got hung 
up. Resetting the memory bank decoding 
circuit for 24 K to 26 K, of course, solved 
the problem. 

Next month: “Programming EROMs 
with BASIC.” m 


EC 9599 - 


Here, at last, is an efficient way to edit text when 
preparing program source listings or other text 
material. You'll need an 8080 computer, with a 


OPTIONAL HARDWARE 

Additional memory beyond 2K 
allows expanded text buffer storage 
area. Recommend 4K-8K for 
practical applications. Bulk storage 
1/О devices allow text to be saved for 
future use/modification. 


SOFTWARE REQUIRED 

User provided |/O driver routines for 
whatever |/O devices will be utilized. 
Each |/O device is linked to the 
program by a single vector for ease 
in adapting the program to individual 
systems. 


MEMORY UTILIZED 

The assembled listing provided in 
the manual resides in pages O1 
through O5 (hexadecimal which is 
O01 through OOS octal). Pages OO, 
part of O5, and all of об 
(hexadecimal- ООО, part of OO5 
and all of OOó6 octal) are left 
avallable for user provided 1/0 
routines. Pages O7 (hexadec- 
Imai- OO7 octal) through avallable 
memory used for text buffer. 


-—R—À = 


OPTIONAL PAPER TAPE 
NOW AVAILABLE 


gan Т 


ed paper tape is available. Specify 
BOS8OED-OPT, $6.00. And you can 
order optional commented source 
listing on paper tape too. Specify 
BOBOED-SPT, $20.00. 
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An optional object code on punch- | 


minimum of 2K memory (of which at least TK 
should be RAM); a text input device, like а 


keyboard; and a display/text output device. 


MNEMONICS UTILIZED 

This program 15 written In 8080 
machine tanguage standard industry 
accepted mnemonics for the 8080 
CPU (such as MOV A, B; INX H; CALL; 
etc.) (Note: SCELBI Is discontinuing its 
use of special 8O8O compatible 
mnemonics which have character- 
ized 115 BOBO programs In the past.) 


PROGRAM OPERATION 

This Is a standard IIne-orlented text 
editing program Intended for use in 
{һе creation of source listings and 
similar text manipulations. The pro- 
gram operates In two modes; the Text 
Entry mode for entering text Into the 
text buffer and the Command mode 
used to specify operator directives. 
Information in the text buffer may be 
manipulated using the Command 
directives and the contents of the 
text buffer transferred to an external 
storage device or filled from an exter- 
nal storage device. 


PROGRAM COMMANDS 
APPEND (A) text to the text buffer, 
CHANGE (C) text; DELETE (D) text; IN- 
SERT (I) text; LIST (L) text; character 
SEARCH (5); READ (R) from or WRITE (W) 
to an extemal storage device; CLEAR 
text buffer, plus single character 
deletion, tab (spacing), and various 
character search directives. 


DOCUMENTATION 
In the famous SCELBI tradition, The 
program manual describes the 


4 


Milford, CT 04460 


itv SCELBE COMPUTER 
CONSULTING ENC, 


Post Office Box 133 PP STN 


operation of the editor, presents 
detailed discussions of all major 
routines with flow charts, contains two 
completely assembled listings (one 
with addresses and object code in 
hexadecimal notation and one In oc- 
tal notation), and of course Includes 
operating Instructions and tips on 
enhancing the program if desired. 


SPECIAL FEATURES 

Because the program has been 
carefully organized and written with 
all memory references assigned 
labels, It may be readily reassembled 
to reside in any general area ín 
memory. This program may even be 
assembled to reside in Just 1K of ROM 
provided that some RAM area Is 
avallable for scratch pad and text 
buffer usel 


OPTIONS 

A punched paper tape of the ob- 
Ject code for this editor (as described 
In the documentation) Is avallable. 
The object code tape is provided in 
ihe widely accepted "hexadecimai 
format." Also, the complete, com- 
mented source listing of the program 
as presented in the documentation Is 
available in straight ASCII format on 
punched paper tape. Fan-fold paper 
tapes are provided for ease in han 
dling. Additionally, opaque paper 
tape is supplied to facilltate the use 
of low cost optical paper tape 
readers now іп widespread use, NOTE: 
Paper tapes are sold only as optional 
supplements to the documentation. 


ORDER YOUR COPY Pon T 2 95 


Price =з! for North American customers. Master 


Charge, Postol Bank Money Orders preferred. 
опо! ks shipping up to 4 weeks. 
Pricing. s ifications, availability subject to 


me e ihout notice. SCELBI 


fine Computer Stores. IMPORTANTI In- 


n mo 
Ead Se paaga e/handliing (or eoch litem 


Book Rate; or $2 lor each 


lvered il 
Item shipped First Closs or via UPS. 
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The need for a personal 
computer telecommuni- 
cations network is rapidly 
becoming inescapable. 


&YTE February 1978 


CIE Net: 


Mike Wilber 
920 Dennis Dr 
Palo Alto СА 94303 


A Design for a Network 
of Community 


Information Exchanges 


Part 1: The Beginnings 


Motivation and Background: 
Why Build a Network? 


А good, cheap and practical telecom- 
munication network can be extremely useful 
to the personal information processing 
community. |t can provide a means by 
which people exchange programs and files 
of data. For example, a respectable dictio- 
nary can be built by 1000 people who each 
contribute 20 words. Just as important, a 
good telecommunication facility can help 
people talk to one another, for instance, to 
advertise the presence of a good data file, or 
to explain just when one technique is supe- 
rior to another. These considerations and 
others are explored in more detail in an 
earlier BYTE article. (See “Homebrewery 
vs the Software Priesthood,” by Wilber and 
Fylstra, October 1976 BYTE, page 90.) 

The need for a personal computer tele- 
communication network is rapidly becoming 
inescapable. Now that personal computers 
are economically feasible, manufacturers are 
selling cheap reliable systems in astounding 
quantities to personal users of information 
processing, each of whom stands to gain 
from freely shared interactive experience. 
Already, hobbyist clubs and other, more 
primitive, information exchanges have 
sprung up to fill the void. Telecommunica- 


tion can greatly facilitate the free exchange 
of ideas and data that currently take place 
on a limited but increasing scale. 


How This Effort Got Started 


In response to this need, | designed a net- 
work for presentation at the First West 
Coast Computer Faire in April of 1977. 
That work was unfinished as the Faire 
proceedings press deadline loomed, so | 
wrote up the design considerations for 
publication there. Since then, | have finished 
the design, of which the main part of this 
series of articles is a detailed exposition. 

| was not alone in feeling this need and 
responding to it with action. After the Faire, 
Dave Caulkins organized a group to design 
and implement a personal computer net- 
work; this group has thus taken PCNET as 
its name. The PCNET committee started 
from many of the premises | feel are im- 
portant, but it has identified a slightly dif- 
ferent set of problems, and it has solved 
almost every one of them differently, and 
so it is developing a design that differs 
considerably from mine in its details. 

The PCNET design was rapidly develop- 
ing at the press deadline for this article and 
is thus not detailed here. Its broader aspects 


Continued on page 138 


The Ultimate Turn-on 


On/off control everywhere- 
by computer over the AC wiring 


Now it's simple and economical 
to control AC devices remotely from 
an S-100 or Apple II computer. 
Mountain Hardware's new Introl™ 
system delivers on/off commands 
over the existing AC lines — so you 
dont have to string a foot of wire! 


Control at any AC outlet. The 
Introl system impresses a code- 
modulated 50 KHz control signal 
on the house wiring. Then decodes 
the signal at any outlet to switch 
AC devices on and off. You can 
control lights, refrigerators, TVs, 
solenoid valves, sprinklers, burglar 
alarms — and many other things we 
leave to your fertile imagination. 
With the addition of input sensors 
to your computer system, you can 
automatically control variables such 
as temperature and soil moisture. 

Here's how it works. You plug 
in a single AC Controller board at 
the computer bus and connect the 
AC Interface Adapter to any con- 
venient 115 VAC outlet. The AC 
Controller is now connected to 
address as many as 64 channels 
remotely. But it's completely isolated 


from the 115v power, so theres no 
chance of short or shock. 

At any outlet where you seek 
control, plug in a Dual Channel AC 
Remote. Then plug one or two 
devices to be controlled into the 
box. Every ÁC remote has two 
independent 500 watt channels. 
When commanded by the computer, 
the Dual Channel ACRemote turns 
the devices on and off independ- 
ently. When polled by the compu- 
ter, the Dual Channel AC Remote 
sends a signal back, telling the 
computer the status of each device. 
Bidirectional communication pro- 
vides error free operation. 


Simple programming. You write 
your control program in BASIC or 
Assembler language. Software sub- 
routines for the control programs 
come with the equipment — along 
with complete documentation. If 
you have an S-100 computer, you 
can program on/off commands at 
any day and time using our option- 
al 100,000 day Calendar/Clock 
Board. А self contained power 
source assures fail safe operation. 


Modest prices. The AC Con- 
troller for both the S-100 and Apple 
П computers, costs $149 in kit form 
or $189 completely assembled and 
tested. Each Dual Channel AC 
Remote costs $99 as a kit or $149 
assembled and tested. Thus, a fully 
operative system in kit form can be 
yours for as little as $248. 

The Calendar/Clock Board for 
5-1005 costs $179 in kit form, $219 
assembled and tested. 

All prices are f.0.b. Ben Lomond, 
СА. Prices are USA Domestic. Cal- 
ifornia residents add 6% sales tax. 


Where to find it. The Introl 
system can now be found at compu- 
ter shops throughout the U.S. and 
Canada. Drop by and ask for a dem- 
onstration. Mountain Hardware, 
Inc., may be reached at Box 1133, 
Ben Lomond, CA 95005. Phone 
(408) 336-2495. 


AC Controller (Apple) 


Dual Channel ^C Remote 


А Mountain Hardware 


AC Controller (S- 100) 
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Introducing Apple II. 


ШЇЇ 


The home computer thats ready 
to work, play and grow with you. 


Clear the kitchen table. Bring in the color 
T.V. Plug in your new Apple II* and connect 
any standard cassette recorder/player. Now 
you're ready for an evening of discovery in 
the new world of personal computers. 

Only Apple II makes it that easy. It's a 
complete, ready to use computer— not a kit. 
At $1298, it includes features you won't find 
on other personal computers costing twice as 

much. 


Features such as video graphics in 15 colors. 
Anda built-in memory capacity of 8K bytes 
ROM and 4K bytes RAM —with room for lots 
more. But you don't even need to know a 
RAM from a ROM to use and enjoy Apple II. 
It's the first personal computer with a fast 
version of BASIC—the English-like pro- 
gramming language— permanently built in. 
That means you can begin running your 
Apple II the first evening, entering your own 
instructions and watching them work, even if 
you've had no previous computer experience. 
The familiar typewriter-style keyboard 
makes communication easy. And your pro- 
grams and data can be stored on (and re- 
trieved from) audio cassettes, using the built- 
in cassette interface, so you can swap with 
other Apple II users. This and other peri- 
pherals —optional equipment on most per- 
sonal computers, at hundreds of dollars extra 
cost—are built into Apple II. And it's 
designed to keep up with changing technol- 


ogy, to expand easily whenever you need it to. 


As an educational tool, Apple П is a sound 
investment. You can program it to tutor your 
children in most 
any subject, such 
as spelling, 


history or math. But the biggest benefit —no 
matter /tow you use Apple II—is that you and 
your family increase your familiarity with the 
computer itself. The more you experiment 
with it, the more you discover about its 
potential. 

Start by playing PONG. Then invent your 
own games using the input keyboard, game 
paddles and built-in speaker. As you experi- 
ment you'll acquire new programming skills 
which will open up new ways to use your 
Apple II. You'll learn to "paint" dazzling color 
displays using the unique color graphics com- 
mands in Apple BASIC, and write programs 


to create beautiful kaleidoscopic designs. 


As you master Apple BASIC, you'll 
be able to organize, index and 
store data on household fi- 
nances, income tax, 
recipes, and record col- 
lections. You can learn to 
chart your biorhythms, 
balance your checking ac- 
count, even control your home 
environment. Apple II will go as 
far as your imagination can take it. 
: Best of all, Apple H is designed to grow 
with you. Ás your skill and experience with 
computing increase, you may want to add 
new Apple peripherals. For example, a re- 
fined, more sophisticated BASIC language is 
being developed for advanced scientific and 
mathematical 
applications. 
And in addi- 
tion to the 
built-in 
audio, video 
and game 
interfaces, 
there's 
room for 
eight plug-in 
options such as a prototyping board for ex- 
perimenting with interfaces to other equip- 
ment; a serial board for connecting teletype, 
printer and other terminals; a parallel inter- 
face for communicating with a printer or 
another computer; an EPROM board for stor- 
ing programs permanently; and a modem 
board communications interface, or a floppy 
disk interface with software and complete 
operating system . And there are many more 
options to come, because Apple II was 
designed from the beginning to accommo- 
date increased power and capability as your 
requirements change. 

If you'd like to see for yourself 
how easy it is to use and enjoy 
Apple Il, visit your local dealer for a 
demonstration and a copy of our 
detailed brochure. Or write Apple 


Apple II™ is a completely self-contained 
computer system with BASIC in ROM, 
color graphics, ASCII keyboard, light- 
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM, and with cassette tape, video and 
game I/O interfaces built-in. Also in- 
cluded are two game paddles and a 
demonstration cassette. 


SPECIFICATIONS 

* Microprocessor: 6502 (1 MHz). 

* Video Display: Memory mapped, 5 
modes —all Software-selectable: 

* Text—40 characters/line, 24 lines 
upper case. 

* Color graphics —40h x 48v, 15 colors 

- High-resolution graphics —280h x 
192v; black, white, violet, green 
(16K RAM minimum required) 

* Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 

- Completely transparent memory 
access. All color generation done 
digitally. 

* Memory: up to 48K bytes on-board 

RAM (4K supplied) 

* Uses either 4K or new 16K dynamic 
memory chips 

· Up to 12K ROM (8K supplied) 

* Software 

- Fast extended Integer BASIC in 
ROM with color graphics commands 

- Extensive mionitor in ROM 

» I/O 

* 1500 bps cassette interface 

* 8-slot motherboard 

* Apple game I/O connector 

* ASCII keyboard port 

• Speaker , 

* Composite 
video 


Apple II is also = 
available in board-only 
form for the do-it-yourself hobbyist. Has 
all of the features of the Apple II system, 
but does not include case, keyboard, 
power supply or game paddles. $798. 


PONG is a trademark of Atari Inc. 
*Apple II plugs into any standard TV using 
an inexpensive modulator (not supplied). 


Computer Inc., 20863 Stevens Creek Blvd., 
Cupertino, California 95014. 


qgappic computer inc: 


Order your АрріеП now. 


from any one of the following authorized dealers: 


ALABAMA 


Computerand 
3020 University Qi. N.W 
Huntsville 539-1200 


The Compute: Center 
303 B. Paplar Place 
Birmingham 942-8567 


ALASKA 

The Alpha Corporation 
100 W bari Airport Rd. 
Anchorage 279-1316 
Taam Electronics 
Anchorage 276-2923 
Anchorage 272-4823 
Fairbanks 458-4157 
ARIZONA 

Byte Shep 

Tempe 894-1129 
Phoenx 942-7300 
Tucson 327-4576 


CALIFORNIA 


A-VIDD Electronics 
2210 Bellilower Road 
Long Beach 598-0444 


Byte Shop 

Citrus Heights 961-2983 
Palo Alto 327-8080 
Pasadena 684-3313 
San Jose 377-4685 
San Walea 341-4200 
Santa Сага 249.4221 
Walnut Creek 933-5252 
Computar land 

El Camilo 233-5010 
Hayward 538-8080 
Inglewood 776-8080 
Misson Viejo — 770-0131 
San Diego 560-9912 
San Francisco 546-1592 
Thousand Oaks 495-3554 
Tustin 544-0542 
Computer Components 


5848 Sepulveda Blvd. 

Май Muys 786-7411 
Computer Country 

506 E. 1st 5I 

Tustin 838-4770 
Computer Playground 
8789 Westminster Avenue 
Westminster 896-8330 
Сотршег 516ге 

1093 Missron 51 

San Francisco 431-0640 
The Computer Store 

B20 Broadway 

Santa Monica 451-0713 
Electre Brain 

3038 M. Cedar Ave 

Fresno 227-8479 


Home Enterlainment Emponum 
2100 Sepulveda Вуй. 
Manhattan Beach 546-2501 


Rainbow Computing, Inc. 
10723 While бак 
Granada Hills 360-2171 


Strawberry Electronics 
T1 Glenn Way #9 
Belmont 595-0231 
COLORADO 


Byte Shop 
3464 5 Acoma 51 
Englewood 761-6232 


Taam Electronics 

Boutder 447-2368 

Colorado Springs 596-5566 
Fert Colins 484-7500 
Grand Junchon 245-4455 
Greeley 356-3800 
Longmont 772-7800 
Pueblo 545-0703 
CONNECTICUT 
Camputarlang 


2475 Black Aock Turnpike 
Каеш 374-2227 


The Computer Store 
635 Main S! 
Windsor Locks 627-0188 


DELAWARE 


Computeriand 
Kirkwood Highwa 
Newark 738-9656 


18 BYTE February 1978 


FLORIDA 

Byte Shop 

Ft Lauderdale 561-2983 
Miami 251-2983 


GEORGIA 

DataMart, Inc 

3001 N Fulton Drwe 
Atlama 233-0532 
BAWAII 

Real Share 

190 5 King Street #890 
Honolulu 536-1041 
ILLINOIS 
Compulertand 

Arlington Heights 235-6486 
Nies 967-1714 
Oaklawn 422-8080 


Data Domain 
1612 Е Afgonquin Rd. 
Shaumburg 397-8700 


Itty Bitty Machine Company 
1316 Chicago Avenue 
Evanston 328-6800 


Team Electronics 
Carpentersville 428-6474 
Decatur 877.2774 
Galesburg 344-1300 
Maine 797-8264 
Peoria 692-2720 

Rock Island 788-9595 
Rockford 399-2577 
Schaumburg 882-5864 
Springtield 525-8637 
INDIANA 

The Dala Domain 

fon Wayne 484-7611 
Bloominglan 334-3807 
West Lajayelta 743-3951 
Indianapolis 251-3139 
The Home Computer Center 
2115 Е B2nd St. 
Indianapolis 251-5800 
IOWA 


The Computer Store 
4126 Brady St 
Davenport 386-3330 


Team Electronics 
Ames 232-7705 
Bettendort 355-7013 
Cedar Rapids 393-8956 
Davenport 386-2588 
Dubuque 563-9195 
towa City 338-3681 
Sioux Сцу 252-4507 
Saux City 277-2019 
Waterloo 235-6507 
Video Midwest, Inc 
2212 Ingersoll Ave. 

Des Moines 244-1447 
KANSAS 


Barney & Associates 
425 N Broadway 
Pitsburg 231-1970 


Team Electronics 
Garden City 276-2911 
Hutchinson 662-0632 
Lawrence 841-3775 
Manhattan 539-4636 
Sahna 827-9361 
Topeka 267-2200 
Wichda 685-8826 
Wichita 942-1415 
Wichita 682-7559 
KENTUCKY 
Computetiand 

813 В Lyndon Lane 
Louisville 125-8308 
The Dala Domain 
Lexington 233-3346 
Louisville 456-5242 


MARYLAND 
Comauterland 

16065 Frederick Road 
Rackwlle 948-7676 
Computers, etc 


13A Allegheny Ave 
Towson 874-4742 


MASSACHUSETTS 
The Computer State, Inc. 
120 Cambridge Street 
Burlington 272-8770 
MICHIGAN 

Team Electronics 
Escanaba 786-3911 
Menominee — 861-2213 
MINNESOTA 

Team Electronics 
Minnetonka 544-7412 
Edina 920-4817 
Eden Prarie 941-8901 
Bemidy 751-7980 
Willmar 235-2120 
St. Cloud | 253.8326 
Owatonna 451-7248 
Hibbing 263-8200 
Virginia 741-5819 
St Anthony 789-4368 
West St Paul 451-1765 
Minneapolis 377-9840 
St. Paul 227-7223 
51 Cloud 251-1335 
Minneapolis 869-3288 
Minneanois — 378-1188 
Maplewood 777-3737 
Mankato 387-793? 
Evaleth 749-8140 
St. Paul 636-5147 
MISSOURI 


Electronic Components. Intl 
1306-8 South Hwy 63 
Coiumhia 443-5225 


Team Eléctronics 
Biscayne Mall 

301 Stadium Віко 
Columbia 445-1496 
MONTANA 


Computers Made Easy 
415 Morrow 
Bozeman 586-3065 


Team Electronics 
Great Falls 852-3281 
Missoula 549-4118 
NEBRASKA 

Team Electronics 
Grand Island 381-0559 
Lincoln 435-2959 
Omaha 397-1666 
Omaha 333-3100 
Norfoik 379-1161 
North Plate 534-4645 
NEW HAMPSHIRE 


Computerman 
170 Main Street 
Nashua 883-2386 


NEW JERSEY 


Computeriand 

2 De Hart Street 
Morristown 539-4077 
Computerman 

501 Route 27 

iseln 283-0600 


NEW YORK 


Computerland 
Buffalo 836-6511 


Ithaca 277-4868 


Computer Mart of N Y 
118 Madison Ave 
New York 686-7923 


Co-op Electronics 
9148 Main Street 
Clarence 634-2193 
NORTH CAROLINA 


Byte Shon 
1213 Hillsborough St 
Raleigh 833-0210 


Computer Roam 
1729 Garden Tetrace 
Charlotte 373-0875 


Hom's & Ват s 
Crabtree Valley Mall 
Raleigh 781-0003 
NORTH DAKOTA 
Team Electronics 
Bismarck 223-4546 
Fargo 282-4582 
Grand Forks 746-4474 
Minot 852-3281 
Willston 572-7637 
OHIO 

Computerland 


1304 SOM Center Rd 
Mayheld Heights 461-1200 


The Data Domain 
Dayton 223-2348 
Cincinnati 561-6733 


OKLAHOMA 


Bits Bytes А Micros 
1186 М MacArthur Bid. 
Oklanama City 947-5646 


High Technology 

1020 W Wilshire Blvd. 
Oklahama City 843-9667 
Team Electronics 
Norman 329-3456 
Oklahoma Cty 634.3357 
Oklahama City 846-5573 
Stillwater 377-2050 
Tulsa 633-4575 

Ти а 252.5751 

Yokon 473-1994 
OREGON 

Team Electronics 

Bend 389-8525 

Canby 266-2539 
Salem |. 36-3278 


PENNSYLVANIA 
Computer Mart of PA 
Route 202 

King of Prussia 265-2580 
SOUTH DAKOTA 
Team Electronics 
Pierre 224-1881 
Rapid City 343-8363 
Sioux Falls 336-3730 
Sioux Falls 339-1421 
Sioux Fatls 339-2237 
Watertown 886-4725 


Cupertino, California 95014 
(408) 996-1010 


EURAPPLE 


TEXAS 


Byte Shop 
3211 Fondren 
Houston 977-0664 


Computerland 
Houston 997 0909 
Ausin 452-5700} 


Computer Shops, Inc. 
13933 Noh Central 
Dallas 234-3412 


The Computer Shap 
6812 San Pedra 
San Antonio — 428-0553 


Computer Terminal 
2101 Myrtle St 

El Paso 532-1777 
The KA Compuler Store 
1200 Masty Drive 
Dallas 

VIRGINIA 


The Camputes Hardware Store 
818 Frankin St 
Atexandma 548-8085 


Ноте Computer Cemer 
Virginia Beach 340-1977 
Newpon News 295.1955 
Timbereille Electronics 
PQ Вох 202 

Timberville 896-8926 
WASHINGTON 

Team Electronics 

423 W Yakima 

Yakima 453-0913 
WASHINGTON, D.C. 
Gerogetown Computer Store 
3206 M 51 MW. 
Washington. 0 С 362-2127 
WISCONSIN 

Team Electronics 

Eau Claire 834-0329 
Eau Glawe 834-1288 
Madison 244-1339 
Milwaukee 461-7600 
Racing 554-8505 
Sheboygan 458-8791 
Greendale 421-4300 
Rhinelander 369-3900 
LaCrosse 788-2250 
Wausau 842-3364 
Milwaukee 672-7600 
Janesville 756-4150 
Mantowoc 564-3393 
Milwaukee | 354-4840 
Oshkosn 233-7050 
WYOMING 

Team Electronics 

Hilltop Shopping Center 
207 5. Montana 

Casper 235-6691 
CANADA 


Future Byte 
2274 Rocktand 
Montreal, Que = 731-4638 


AUSTRALIA 


Computerland 
52-58 Clarence SI 
Sydney, NSW — 29-3-153 


appie computer inc. 


10260 Bandley Drive 


European Operations of Apple Computer, Inc. 
2031 Byron Street 
Palo Alto, CA 94301 
(415) 964-7020 


Circle 5 on inquiry card. 


Com plete AS CII 128 CHARACTER ASCII TABLE 


* в 
3 E he Е 
g =- © 2 =- 0 
o > g moo © 2 © СЧ 
$ ко s E53 т frog? 
5 абадат 6 à 88 à Gi 

David M Ciemiewicz 
533 N Holly St NUL 00000000 000 000 00 O 00110000 060 048 30 
- SOH 00000001 001 001 01 1 00170001 061 049 31 
Elizabethtown PA 17022 STX 00000010 002 002 02 2 00110010 062 050 32 
ETX 00000011 003 003 03 3 00110011 063 051 33 
EOT 00000100 004 004 04 4 00110100 064 052 34 
ШЕ " ENQ 00000101 005 005 05 5 00110101 065 053 35 
. Most of the time when you sec a Ml ACK 00000110 006 006 06 6 00110110 066 054 36 
Aine article that requires ап ASCII tab e, BEL 00000111 007 007 07 7 00110111 067 055 37 
the table accompanying the article is cither BS 00001000 010 008 08 8 00111000 070 058 38 
incomplete or is in a numeric system that HT 00001001 011 009 09 9 0011100! 071 057 39 
fou cannot use without converting it. LF 00001010 012 010 ОА : 00111010 072 058 3A 
y Ti ' ble | | ned | 5 lote 128 VT 00001011 013 011 ОВ ; 00111011 073 059 38 
ne table | have devised 15 compicte FF 00001100 014 012 OC 00111100 074 O60 ЗС 
character ASCII. Each character is ac CR 00001101 015 013 00 00111101 075 061 3D 
companied by its binary, octal, decimal SO 00001110 016 014 OE 00111110 076 062 3E 
and hexadecimal equivalent, S! — 00001111 017 015 OF 00111111 077 063 3F 


- | А ; . DLE 00010000 020 016 10 
This table has proven invaluable to me, DC1 00010001 021 017 11 
as | am sure it will to уои DC2 00010010 022 018 12 
DC3 00010011 023 019 13 
DCA 90010100 024 020 14 
МАК 00010101 025 021 15 


01000000 100 064 40 
01000001 101 065 41 
01000010 102 066 42 
01000011 103 067 43 
01000100 104 068 44 
01000101 105 O69 45 


E: E: 

" E Б E SYN 00010110 026 022 16 01000110 106 070 46 

Бо „а a3 5 > 8 з 3 ETB 00010111 027 023 17 01000111 107 071 47 

1 iro 3 $ X 5 BRO E s & САМ 00011000 030 024 18 01001000 110 072 48 
= © £ = 22 Ф 

= ДЕЕ 8 à 2 5 eee в à 2 EM 00011001 031 025 19 01001001 111 073 49 


SUB 00011010 032 026 1A 
ESC 00011011 033 027 1B 
1 1 112 70 
01110000 160 FS 00011100 034 028 1C 


01001010 112 074 4A 
01001011 113 075 4B 
01001100 114 076 4C 


01100000 140 096 60 


[PORK ON KK SK CAMBMOVOZSr AT -TOMMIOMPOaery tam 


р 

a 01100001 141 097 61 а 01110001 161 113 71 GS 00011101 035 028 1D 01001101 115 077 4D 

b 01100010 142 098 62 r 01110010 162 114 72 RS 00011110 036 030 1E 01001110 116 078 4E 

c 01100011 143 099 63 5 01110011 163 115 73 US 00011111 037 O31 1Е 01001111 117 079 4F 

d 01100100 144 100 64 t 01110100 164 116 74 SP 00100000 040 032 20 01010000 120 080 50 

e 01100101 145 101 65 u 01110101 165 117 75 [ 00100001 041 033 21 01010001 121 081 51 

f 01100110 146 102 66 м 01110110 166 118 76 " 00100010 042 034 22 01010010 122 082 52 

g 01100111 147 103 67 w 01110111 167 119 77 s 00100011 043 035 23 01010011 123 083 53 

h 01101000 150 104 68 x 01411000 170 120 78 S 00100100 044 036 24 01010100 124 084 54 

| % 00100101 045 037 25 01010101 125 085 55 

i 01101007 151 105 69 y 01111001 171 121 79 

. & 00100110 046 038 26 01010110 126 086 56 

j 01101010 152 106 ВА z 01111010 172 122 7A , 00100111 047 039 27 01010111 127 087 57 

к 07101011 153 107 6B i 01111011 173 123 7B ( 00101000 050 040 28 01011000 130 OBg 58 

| 01101100 154 108 6C | 01111100 174 124 7C ) 00101001 051 041 29 01011001 131 089 59 

m 01101101 155 109 6D } 01111101 175 125 70 * 00101010 052 042 2А 01011010 132 090 5A 

n 01101110 156 110 БЕ ^ 01111110 176 126 7E * 00101011 053 043 2B 01011011 133 091 5B 

o 01101111 157 111 БЕ DEL 01111111 177 127 7F , 00101100 054 044 2C 01011100 134 092 5C 
— 00101101 055 045 20 01011101 135 093 50 

Note: The bit 7 in the binary calumn is sometimes a 1 or is some- А 00101110 056 046 2Е 01011110 136 094 БЕ 

times used as a parity bit. / 00101111 057 047 2F 010111171 137 095 5F 

Abbreviations for Control Characters: 

NUL — null, or all zeros DC1 — device control 1 

SOH — start of heading DC2 — device control 2 

STX — start of text DC3 — device control З 

ETX — end of text ПОСА ~ device control 4 

EOT — end of transmission МАК — negative acknowledge 

ENQ - enguiry SYN — synchronous idle 

ACK -— acknowledge ETB — end of transmission block 

BEL - beil CAN — cance! 

BS — backspace EM — end of medium 

HT  - horizontal tabulation SUB — substitute 

LF — tine feed ESC  — escape 

VT  — vertical tabulation FS — file separator 

FF — farm feed GS — group separator 

CH — carriage return RS — record separator 

50 — shift out us — unit separator 

51 — shift in SP — space 

DLE — data link escape DEL - delete 
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MAN/PAK HORIZON-2 
> COMPUTER 
| @ 280 CPU 
® 32K Mamary with 

Parity Option 
@ 12 Slot Motherboard 
ш Рага!!в! & Serial Intarfaces 
|| € в 100 Pin Edge Connectors 
W Dual Floppy (180,000 Byles) 
@ Enhanced DOS/Basic 


HAZELTINE 1500 
VIDEO TERMINAL 
W Programmable Brightness Levels 
@ Autamntic Rspoat on all Keys 
ш 24x60 Olsptay on 12” screen 
в Non-Giare/High Legibiilty 
u Upper/Lower Case 
ш Rovarsibte Video 
к Audible Alarm 


CENTRONICS 779 
SERIAL PRINTER 


ш Excoltent Print Quality 
B Tractor Feed 

ш Prini Speed 21-130 ipm 
W Max Print Width В” 

W 80 or 132 char/Iine 


и DOS with 1/0 Drivers for 
HAZELTINE & CENTRONICS 


a All Cables 
- 10 Diskettes 
OPERATIONAL IN SECONDS: 
Connect (B) Insert DOS it 
Cables Diskette Reset 


SAVE TIME, ENERGY & MONEY! 
Components purchased separately cost $5693. 
Now for a limited time only — send $5145 to 


120 Bethpage Rd. = Hicksville, N.Y. 11801 
or CALL COLLECT: (516) 433-0613 


| Gentlemen: 
Please rush me my Complete Computer System. 
| Enclosed is $5145 Г] Check Г] М.О. O Master Charge 
O BankAmericard $5. — . | 1 Exp. Date: 
N.Y. Residents Add B96 Sales Tax. 
Shipped F.O.B. Hicksville, N.Y. — Collect. 


Name 


Address ———— Phone 
с — ане 8258 ар ав 


Г Please send more information 
Dealer Inquiries Invited 


Gurit 66 on inquiry card 


CELTIC PIANO NOTES 


| was very interested in the article, 
“Notes on Interfacing Player Pianos” 
(September 1977 BYTE, page 112}, 
especially since this was the subject of a 
student project here in 1973-74 by 
Stephen Cowles, The piano, which | 
bought for the university laboratory, was 
a simple MORS 88 note nonreproducing 
model, and we found the electronic} 
pneumatic interface to be the most 
difficult part. | was delighted therefore 
to hear about the Reisner relay. 

The original system was a dual track 
cassette for serial clock and data plus 
circuitry which looks very much like 
figure 4 of your article, and in my 
opinion having constructed the special 
TTL electronics and got it to work, there 
is a better solution. 

This year we are building a general 
interface which can be connected up ro 
any player piano having rubber tubing, 
and strongly believe that the cheapest 
solution, bearing in mind building time 
and fault finding, etc, is to use a micro- 
computer with about 98 paralle! output 
lines (say Motorola PlAs) driven by а 
microprocessor which receives the serial 
data in any of the standard ways. 

Our original system only played 
"Three Blind Mice" rather shakily from 
a PDP-11/45, but we did write a PDP-11 
interactive compiler which constructed 
keyboard images directly from typed-in 
sheet music, and we shall keep that sys- 
tem for making the magtapes. 

We will let you know how the new 
system comes along. 


Prof F G Heath 

Gavin Weir 

Heriot-Watt University 

31-35 Grassmarket 

Edinburgh SCOTLAND EH1 2HT 


ORGANS, MUSIC AND 
PROGRAMMING 


Chances are, it's occurred to you long 
ago: there's an amusing philosophical 
similarity between organ stop fists and 
computer machine language instruction 
lists, 


Nicholas Bodley 
300 W 108 
New York NY 10025 


One might consider the organ stop 
fist as being equivalent to initialization 
data for a complicated program. Con- 
sider the score to be the equivalent of a 
music program. The parallels are very, 
very strong and tend to drive a number 
of people into music as well as program- 
ming. We've heard it said by some people 


responsible for hiring programmers that 
musicians make excellent programmers. 


BAR CODE ON A BALL 


Regarding the letter on page 12 of 
the October 1977 BYTE concerning an 
IBM ball that wiil print bar code and 
letters together: Datatype Corporation, 
1050 NW 163rd Dr, Miami FL 33169, 
(305) 625-8451, had such a system. Bar 
code was ASCII. І don't know if they're 
still in business. 


Jae Fisher 

Computer Consultant 
1120 E 52nd, Room 203 
Austin TX 78723 


NEWT POINTS 


| have some corrections on your part 
and on mine regarding my article about 
“Newt: A Mobile, Cognitive Robot" 
(June 1977 BYTE, page 30). First (my 
mistake), on page 38, the stepping motor 
drive circuit motor cable color desig- 
nations are wrong. The single color 
labels "red" and "green" should be 
interchanged or the motor will just sit 
there and quiver. 

In several places the shading of Newt 
in figure 1 is incorrectly done, making 
a single surface appear broken into two 
surfaces, etc. 

On page 30, the caption on figure 1 
should have also mentioned that the 
turret is capable of panning left and 
right as well as tilting up and down. 

On page 44, it is not true that any 
mobile robot must incorporate programs 
for seeking electrical cutlets. For 
example, a rabot on Mars might have a 
hard time finding an outlet! 

On page 45, paragraph 1, the phrase 
“such as already demonstrated by the 
Viking robots” is unfortunate, since the 
Viking landers do not qualify as cog- 
nitive robots in the context of this 
article, They are sophisticated tele- 
operators. A Mars “rover” robot project, 
however, is in progress at Jet Propulsion 
Laboratories. 

| am looking forward to writing more 
about Mewt as things progress over the 
next few years. One possibility is a series 
of four articles, The published article 
was an overview of the system with 
emphasis on the motive subsystem. 
Three more articles would cover in some 
detail the manipulator, the sensory 
turret vision system, and finally the 
software experiments with Newt. All 
this depends, of course, on how much 
we can get done in the next several 
years. 

| have been able to resume work on 
Newt almost Immediately upon return- 
ing from France. The hand wired step- 
ping motor drivers have been replaced 
by compact printed circuit versions 
and next week an order will go out 
for about $400 worth of gears and 
bearings for the manipulator assembly. 
With luck, the manipulator should be 
working within six months. Other lower 
priority items being worked on at 


DATALYZER...a 24 channel 
Logic Analyzer for your S100 Bus 
page sre 


24 Channel LOGIC ANALYZER, complete with 2 cards and 3 sets of probes. 


Features 


— 24 channels with 256 samples each. 
— Display of disassembled program flow. 


— Dual mode operation — external mode analyses any external logic 


system. Internal mode monitors users data and address bus. 
Selectable trigger point anywhere in the 256 samples. 

0-16 bit trigger word format or external qualifier. 

BMHz sample rate 


Synchronous clock sample with coincident or delayed clock mode. 


User defined reference memory. 


Displays and system control through keyboard entry. 


TTL Logic level compatible (15 pf and 15 pa typical input loading.) 
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Displays in Binary 


The DATALYZER 


Фаза тее 


Displays in Hex 


R ImU 
zEZS" dáürpcun 


mil 


Display of disassembied 
program flow. 


Designed to plug easily into your S-100 Bus, the DATALYZER is a 
complete system —— for only $495. Display of disassembled program 
flow is a standard feature, not an extra. And the low price includes 30 
logic probes, so you can hook up immediately, without additional 


expense. 


The DATALYZER is available in kit form ($495), and as a fully 
assembled device on two PCB's ($595). Operators' manual $7.50. A 
substantial warranty, and the Databyte, Inc. commitment to service 


make the DATALYZER a worthwhile investment. 


Databyte, Inc. 


Circle 36 on inquiry card. 


7433 Hubbard Avenue 
Middleton, Wisconsin 53562 
Tel: (608) 831-7666 
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WARBLE ALARM 


CAR-VAN CLOCK 
WITH HEADLIGHT ALARM 


ELAPSED TIMER 

SECONDS DISPLAY SWITCH 
SMINUTE SNDOZE ALARM 
SIMPLE 4 WIRE HOOK-UP 
шм 57 LED DISPLAY 

V TD $8 МАШТЕ COUMTOOWN 
TIME" INS SIMULTAHEOUSLY 
WITH ECDCK! 

RUGÜED ABS CASE 


COMPLETE KIT $35.95 > nusrzcivs 
ASSEMBLED $45.95 “"™" 


DIGITAL AUTO INSTRUMENTS 
al TACHOMETER SEVEN MODELS! 
a? WATER TEMP. KIT INCLUDES: 
“3 FUEL LEVEL + CASE A ALL АВАЙ 


e4 SPEEDOMETER” | ШУ . PHESSUNE & TEMP SENOLRS 
eñ OIL PRESSURE » ASSEMBLED MAIN PE NOAHO 
»5 OIL TEMP, FEATURES- 

«T BATTERY MONITOR »— 4"U8ANDE LEDS 


* A72 d 27 АМ ГАЙ 
“ADD £10 FOR REQUIRED SPEED SENDER . $15 FOR SFEEO SENDER ALONE 


KIT: $49.95 ASSEMBLED: $59.95 


ELECTRONIC ‘PENDULUM’ CLOCK 


* SWING PENDULUM 
* 7" HOURS AND MINUTES DISPLAY 
* TIME SET PUSH BUTTONS 
+ ALARM FEATURE 
KIT-UNFINISHED CASE .......... oat 
ASSEMBLED-STAINED CASE ....,.... . $69.95 
QUARTZ DIGITAL AUTO CLOCK 
DR ELAPSED TIMER! 
ELAPSED TIMER: HAS, MINS & SECS — 
SIMPLE PUSHBUTTON RESET & m : 
HOLE TOGGLE SWITCH 
KIT INCLUDES EVER FANG, 
NOTHING ELSE TO RUY? A" LEDS) 
MITERNAL BATTERY BACK UPI 
НОМ POLAR iNPUTI 


12 OR 24 HR MOOE 
DUAENSIONS V 4 47x $7 


KIT: $327.95... .. . ASSEMBLED: $37.95 


NOW WITH 
ELAPSED 


TIME! т — 
3% DIGITAL CLOCK 
н 4 DIGIT KIT $49.95 a d DIGIT ASSEMBLED. $59,95 
* GOGH FIT $69.95 + BDIGIT ASSEMBLED. $79.95 


UI VAC 12 0H 24 HR ODE KIT COMES COMPLETE! 
STIG VERSIDR 27" e 5" 15" $ DIGIT VERSION: IE" x 9" а 1i" 


TV-WALL CLOCK n vac 
* 26° VIEWING DISTANCE 

* 6" HOURS & MINUTES 

* J" SECONDS 

« COMPLETE WITH WOOD CASE 


KIT: $34.95. ..... ASSEMBLED: $39.95 
ECONOMY CAR CLOCK 


* W" LED MODULE! 


* EOMPLETE WITH CASE, 
BRACKET & TIME SET 
PUSHBUTTONS 


ALARM OPTION 


KIT: $19.95 


GIVE YÜQR DIGITAL CLOCK A PENDULUM SING 
PENUULUMTU TETTE 


$14.95 


CASE WITH BRACKET $3. 75 
MARK FOSKETS’ 
SOLID STATE TIME 


P.O. BOX 2159 
DUBLIN, CÁLIF. 94866 


ORDERS (415) 828-1923 


master charg | 


deb та мө сата 


CALIFORNIA RESIDENTS - ADD BSALES TAX - 


22 ВҮТЕ February 1928 Circle 109 on inquiry card. 


present by myself and other persons 
in the group are the power conversion 
electronics, ADC system, and the radio 
telemetry link. 


Ralph L Hollis Jr 
University of Colorado 
Boulder CO 80309 


Our thanks to Ralph Hollis for 
calling these errors to our attention, 
We eagerly await the further adventures 
of Newt. .CM 


MORE ON TV SHIMMY 


| am moved to write this because of 
the unsatisfactory answer given in "Ask 
BYTE," page 145 of the November 1977 
BYTE, with regard to cathode ray tube 
(CRT) image “shimmy.” 

The root cause of this is almost 
always 60 Hz power line interference 
with the CRT scanning waveforms as 
seen by the electron beam. Rippie in the 
internal power supplies of cheap moni- 
tors or TV sets can easily amplitude 
modulate the scanning waveforms, parti- 
cularly the harizontal waveform. АС 
magnetic fields emanating from the 
monitor's own power transformer can 
also deflect the beam. Sometimes the 
field from a nearby computer power 
supply can affect the display, parti- 
cularly if a “constant voltage" trans- 
former is used. These generally emit 
several times more field than a standard 
transformer does. 

Commercial TV uses a vertical scan 
rate which, for practical purposes, is 
exactly 60 Hz, This was done so that the 
interference pattern on the screen would 
be static and therefore less objection- 
able. The fact that a video display image 
shimmies (swims, crawls, waves) is proof 
that the vertical rate of the video source 
is not dead-on 60 Hz because of a design 
compromise, drifting oscillator, or other 
defect. 

The problem may be corrected or at 
least reduced by attenuating the inter- 
ference in the monitor. Ripple in the 
moniter’s power supply may be reduced 
by increasing the main filter capacitor by 
a factor of five to ten. if a voltage doub- 
ling supply is used, two capacitors must 
be increased. Shield the power trans- 
former with a metal box from an old 
military type transformer, Find a big 
lamination from an old transformer, cut 
and shape it into a cylinder, and slip it 
over the picture tube neck behind the 
deflection yoke. These measures should 
cut the interference oy a factor of four 
or more and at least make the system 
liveable. 


Hal Chamberlin 
29 Mead St 
Manchester NH 03104 


IS VIRTUAL A VIRTUE? 


Mark Dahmke suggests, In an article 
titled “Virtual Memory and VSAM for 
Micros,” November 1977, page 224, that 
virtual memory techniques be considered 


for new APL interpreters. Indeed, it 
might be a cure for the problem of 
limited primary memory. However, one 
must ask what price must be paid for 
the vast increase in memory space 
available to the user, | submit the price 
is either increased cost for specialized 
addressing hardware to support virtual 
memory or a stower running machine 
if the virtual memory techniques are 
implemented in software. 

No matter how one chooses to 
implement a virtual memory scheme, the 
secondary memory must stili be ac- 
cessed. This process takes time and 
effort by the machine to execute, iust 
like the more traditional file access 
methods. 

While the concept of virtual memory 
may be practical for large machines like 
the IBM 370 or Univac 90/80, | believe 
virtual memory on a microcomputer is 
not a practical option, given the current 
state of technology available. 


Clayton A Dane III 
423 Roberts Ау 
Conshohocken PA 19428 


COMMENTS ON THE MCM/70 
FROM A USER 


] recently came across your August 
issue in which the desirability of imple- 
menting APL on a microprocessor is 
discussed with the inference that it has 
not vet been accomplished. | would like 
to inform you that an APL interpreter 
was written for an Inte! 8008 micro- 
processor іп 1972 by a company called 
Micro Computer Machines of Kingston 
CANADA. The resulting computer, 
which was called the MCM/70, was first 
sold commercially late in 1974. 

The interpreter uses 32 K bytes of 
ROM and about 7 K bytes for IO and 
special functions. In this space, a fairly 
complete subset of the APL language is 
implemented. Functions not imple- 
mented are matrix divide, factorial/bi- 
nomial coefficient for nonintegral values 
and lamination. 

My company purchased an MCM/70 
in August 1975 and it has been used 
extensively since then. The version we 
own has 8 K bytes of user available 
memory, two cassette drives and a 
Diablo Hi-type printer which can also 
be used as a plotter (with a horizontal 
and vertical resolution of 1/48th and 
1/60th of an inch respectively). 

One of the most interesting and 
useful features of the MCM/70 is a 
virtual operating system which allows a 
cassette (or floppy disk) to be used as 
an extension to memory. In this way 
jobs that would take up to 110 K 
bytes on a timesharing computer can 
be run on the MCM/70, provided no 
individual program is larger than about 
4 K bytes. (110 K bytes is the maximum 
capacity of the cassette; use of a floppy 
disk increases this capacity to 256 К 
bytes.) 

We have used the MCM/70 for many 
routine engineering problems, and esti- 
mate that jt has already earned its 
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purchase price in savings on timesharing 
computer costs, |n particular, the 
MCM/70 was used to simulate the ther- 
mal performance of a cooling pond. This 
involved a finite difterence solution ol 
the time dependent advection-dispersion 
equation of fluid mechanics. 

Because о] the analysis involved, the 
calculation. required several months of 
elfort, Most people with whom | have 
discussed the problem found it hard to 
believe that it could be handled on such 
a small machine. It would not have been 
possible if it weren't for the storage 
economy and power of API. in con- 
junction with the capability of the 
machine to run in the virtual mode. 

The program was set up to plot the 
results of calculations (centerline tem- 
peratures) as they were produced. In 
this way the effect on the temperatures, 
of changes in thermal input and/or 
climatic conditions, could be monitored 
with the option to change cither the data 
or the program without restarting the 
run. 

We have also used the machine for 
many other projects and find it a very 
useful tool for the type of throwaway 
programming that is typical of much 
engineering work. 

The MCM/70 has since been up- 
graded to the MCM/800 through the 
use of a specially designed micropro- 
cessor that has a similar instruction sel 
to the 8008 but performs APL oper- 
alions about ten times faster. 


R V Elliott PhD 
Ontario Hydro 

700 University Av 
Toronto, Ontario 
CANADA M5G 1X6 


See page 216 of December 1977 
BYTE tor a current report. on the 
AICM 70, 


COPYRIGHTS: US VERSUS 
CANADIAN? 


The long letter from the Canadian 
patent attorney Daniel A Mersich does 
little to clarify the situation, since it 
reveals ignorance of American law. In 
fact, software is protected under the 
American copyright law, just as new 
hardware is protected under patent law. 
Enforcement of copyright is similar to 
enforcement of patent: the owner takes 
the violator to court. 

American law seems clear to me 
{although | am assuming that the copy- 
right office regulations which implement 
the law will remain the same) in that a 
copyright of software must be presented 
in a printed form readable by a (know- 
ledgeable) human; it cannot be just a 
magnetic tape or a binary listing. 

Since the philosophy of the patent 
law is that it will provide protection 
while providing public access to new 
technology, a person attempting to 
patent a little black box would have 
to describe the new technology inside 
to get a patent (like bubble memory). 
И the function was in fact carried out by 
programmable sequential steps, the de- 
scription would have to be carried to the 
copyright office. 

The US copyright office has a flier 
describing procedures and limits for 
software programming. 


Mike Firth 
104 N St Mary 
Dallas TX 75214 


CLARIFYING PERSONAL USE 
OF PATENTED INVENTIONS 


( must take issue with Daniel 
Mersich's comments on patents in the 
November 1977 "BYTE's Bits." Though 
his information is, for the most part, 
correct, he leaves readers with an impres- 
sion which is quite mistaken. 

It ds quite true that a соттолсо 
producer infringes a patent even by 
inadvertent "reinvention." The Patent 
Code gives the owner of a patent an 
absolute commercial monopoly, goad 
against anyone who seeks to protit fram 
the same knowledge. The fact thal 
another inventor develops the same 
device without knowledge of the patent 
is of no effect. 

However, a patent dees ror, despite 
the impression left by Mr Mersich, pre- 
vent every person from developing and 
using à given device. In general, a non- 
commercial user may create and use an 
identical device, even by directly copy- 
ing the patent, and regardless of lack of 
permission from the patent owner, Such 
users are free to create and operate the 
device so long as use is restricted to 
purely personal experimentation, amuse- 
menl, instruction, education, or curio- 
sity. 

I'm afraid that Mr Mersich may have 
convinced some readers that even such 
restricted personal use infringes, so tha! 
à palent search would be required for 
every new development, The Patent 
Code is often a pain in the lower bits, 
but it isn't that restrictive. 


C Kevin McCabe 

The Lawyer's Club, Room B-14 
551 5 State St 

Ann Arbor MI 48104 m 
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Figure 1: The Venn dia- 
gram universe is the collec- 
tion of all points in the 
rectangle; the points inside 
the circle (p) are points 
corresponding to terminal 
p being H. Those outside 
(p) refer to p-L. 


Some Musings on Boolean Algebra 


The purpose of this article is to unify the 
concepts of digital electronics, the graphical 
representation of set theory and proposi- 
tional calculus, using Boolean algebra. Our 
motivation for the background work repre- 
sented in this article was the design of an 
encoder for a surplus keyboard. That was 
as much a problem in set theory and propo- 
sitional calculus as it was in digital design. 

First a note about the subject matter of 
this article. The availability of MSI and LSI 
makes the systematic reduction of many 
logic functions a waste of both time and 
money. For example you can buy an 8 bit 
addressable latch for about $1.50. Synthe- 
sizing it out of small scale integration can 
take some 75 gates or 30 integrated circuits. 
No money or time savings here! The fol- 
lowing techniques are quite general, though, 
and you can certainly find design problems 
that don't have off-the-shelf solutions. In 
this particular case (keyboard encoding), 
off-the-shelf solutions exist. But learning 
about logic design techniques requires 
illustrative examples. Encoding a large set 
of inputs serves well as such an example. 

In the various systems, digital, graphical 
and logical, analogous concepts аге expressed 
differently. We're going to show the equiv- 
alences which exist. Digitally and logically 
we have a "system," where graphically 
we have a "universe." Universe and system 
will mean the same thing to us. Our system 
is composed of "states," while our universe 
consists of "points." The meaning of point 
will be clearer after we've explained state. 
Physically we picture a device with several 
terminals, some input and output, the others 
internal, perhaps not even accessible. Sup- 
pose there are N terminals, each of which 
can have its signal level high (H) or low (L). 


H and L are the two possible states of any 
terminal. We want to know how many states 
the system has. There are two states for the 
first terminal, times two states for the sec- 
ond, times two for the third, ... times two 
for the Nth, giving a total of 2N states for 
the system. Another way to express this is 
to consider each terminal of the device to 
be represented by some bit in a binary word. 
For N terminals we need an N bit binary 
word, the pth bit representing the state of 
the pth terminal. Since an N bit binary word 
can take 2N different values, our system 
must have 2N different states. Each possible 
arrangement of Hs and Ls on the various 
terminals defines a unique system state, 
which corresponds to a point in our equiva- 
lent Venn diagram universe. The logical 
analogy to the digital terminal is the proposi- 
tion, merely a statement, which is true 
(T) = 1 or false (Е) = 0. 

Think of any device terminal, call it p and 
define the proposition which is T when 
p = H and F when p = L. Of course we call 
this proposition p also. Graphically we col- 
lect all the points of our universe which 
correspond to system states with terminal 
p = Н and enclose them in a curve as in 
figure 1. It is the interior of this region that 
corresponds to p. in summary we equate 
propositions with regions and label them 
p, а, г, etc. If a device has two inputs, two 
outputs and four internal terminals then the 
universe has 29 = 256 possible states or 
points. The aforementioned keyboard en- 
coder is a 64 input, 7 output and n internal 
terminal device where minimizing the un- 
known, n, is one way of stating the logic 
design problem. 

Venn diagrams are an easy way to demon- 
strate the laws of logic. For example it's an 
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Figure 2: The output of 
the inverter is the com- 
plement of the input. A 
small circle means invert 
the signal The triangle 
symbolizes an amplifier or 
"buffer" of the digital 
signal. 


Figure 4: A degenerate 
case of figure 3a. Specifi- 
cally, the | empty set: 
pA^q-0. Said differently, 
there are no states for this 
system with p=H and д=і.. 


Figure 5: A 2 input AND 
gate is shown in (a) and a 
2 input OR gate is shown 
in (b). Equivalences for 
the "inverted" forms of 
these gates are shown at 
(с), NAND; and at (d), 
NOR. 
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Figure 3a: The most gen- 
eral example of two vari- 
ables. Apparently different 
examples are degenerate 
cases of this figure, 


axiom of logic that (p) = p. (An axiom is 
something that you can’t prove; you simply 
must assume it is true in order to build a 
system of thought.) Figure 1 makes this 
very plausible because p partitions the 
universe into the regions p and p (read as 
not p or complement of p). p lies outside 
of p. Now what lies outside of p? It can't 
be p and it must be inside the universe. All 
that's left is p. It seems reasonable to accept 
(p) = p. The inverter or inverter gate (fig- 
ure 2) is the digital device that generates the 
complement of its input. 

The excitement begins when we label 
some other terminal q and associate with it 
the proposition which is true when terminal 
а = Н. Then p and а together partition our 
universe as shown in figure 3a. 

For even two variables there are many 
possibilities, one of which is shown in 
figure 4. This relation is written p = > q; 
another common form is p<=q (read as p 
implies q or p is contained in q). In this 
example look at the areas р and d. Area à 
is smaller than апа wholly contained 
within p. This illustrates another of the 
axioms of logic, 


((=>а)=>(д= >р). 
Of course we might have the other case, 
а = 2 p. If we have p = > а and also have 


q = > p we then have the definition p = q. 
Implication and equation аге distinct 


concepts. 
6 


Same FAs 


Figure 3b: The region 
рма is shaded. The region г 
of the text is unshaded. 


There are many other possibilities for two 
variables but they're all special cases of 
figure 3a. In general some points will lie in 
both p and q. Call this set of states s and 
write 5 = рда, read s = p and q. This is often 
written s = pq symbolic of ordinary multi- 
plication, since associating the possible binary 
values of O or 1 with the variables p and q 
gives numerically correct results for s. 
Digitally we realize this set with the AND 
gate as shown in figure 5a. We'll call it the 
set of states for which p = T and q = F. We 
see that we can write t = pAg. A third 
region is и = рда. What about the fourth 
region, that for which p and q are both L? 
Certainly this set г = PAG. But we can 
describe it differently. First we form the set 
for which either p or q = 1. This is the region 
of both circles and is shown in figure 3b. It 
is the set руда (p ог q) which, since we're 
adding areas, is sometimes written p + q. It 
comes as no great surprise that the OR gate 
exists for just this purpose (see figure 5b). 
When we form the complement of руд, we 
again get the set r! 

Our diagrams have given us one of De- 
Morgan's laws: BAG = (pva). We can get an 
equivalent form of the law by taking the 
complement of both sides of the equation, 
(Бла) = руд. Figure За also gives us the 
other law, руд = (руд), which is equivalent 
to (буа) = рла. 

Now you begin to see where we're going. 
If we want our system to generate pAG from 
p and q we have options. We could use either 
a NOR gate (NOR = > not OR), or an 
inverter each for p and q followed by a 2 
input NAND gate. In a NOR gate the inver- 
ter follows the OR gate. Use figure 3a to 
convince yourself that Буд is different from 
(буд). There are NAND gates as well and 
you've probably guessed what they do. 
It's worth noting that in the usual mode of 
operation a transistor inverts the signal. 
Consequently NANDs and NORs are more 
easily fabricated than ANDs and ORs, and 
more often used. 

Now a reminder about what all this 


Figure 6: Diagram used to 
show operations are associ- 
ative and distributive. 


means. The ps and qs are terminals, regions 
or propositions. But most of all they're 0 
ar J. p^q is also O or 1. If p = 1 at the same 
time that q = 1 then рла = 1, if either (or 
both) is O then paq = 0. What about 
p¥q? If both are 0, руа is 0, but if either 
is 1 then pVq = 1. One objection to the 
notation + for OR is that 1 + 1 = 1. 

We can consider three variables by 
referring to figure 6. Convince yourself of 
the following: 


(pva)vs=pv(avs)=pvqvs 
(pAQ)AS=paA(qAs) =PAGAS. 


In words, the operation v and A are 
associative. The next two examples are only 
alittle harder to see: 


р v (qAs) = (руд) A(pvs) 
p A (avs) = (рла) V (pA s). 


In mathematical parlance, the operations 
are distributive. The formulas show that 
within a set of parentheses order doesn't 
count; that is pAg = qAp or рума = амр. 
This means the operators are commutative. 

We want to write equations in more than 
three variables but shading the subregions of 
five circles creates eye strain faster than un- 
derstanding. Our diagrams have been most 
helpful, though, for we can go on symbol- 
ically, by repeated application of what we've 
already learned. 

Let's work out an example. To reduce 
x = (руд) vs] At we define a new vari- 
able, and continue to define new variables 
as often as necessary: u = (BV а) м, so the 
original expression takes the simplified form 
x = uAt = (0м Т). What's 0? Just plug in 
u = (фуд) мѕ, so 0 = (P vq vs). Substitute 


back and write: x = [(p qv s) vt]. One 
circuit that generates x is shown in figure 7. 
We emphasize again, x is a number, either 0 
or 1, and its value depends on the values of 
p, d, s and t. 

For many variables, we'll run out of let- 
ters to designate propositions. There's an 
easy way around this. If we have a proposi- 


= n ul 


tion a, and later in the problem we find we'd 
like to call a different proposition a also, we 
tack on subscripts. The first proposition 
becomes all), read a-one or a-sub-one, the 
second a{2). We never run out of subscripted 
letters, but more important subscripting 
allows a more compact notation. When we 
have a(1) v a(2) y a(3) м... va(n) we 
write this as 


| . 
У (00). 


Similarly we can form 


b(1)Ab(2) ^... ^ bim) = ^^ (bi). 
М 


The first time vou encounter this notation 
it appears awkward. In fact it's very effi- 
cient, but like any unfamiliar concept it 
requires some mental accommodation. When- 
ever you feel uncomfortable with it just go 
back to the definition and expand it. It soon 
becomes second nature. 

We'll pose and solve a final problem. The 
Teletypewriter keyboard which started this 
article has 64 switches. We wanted a circuit 
which shows when any of the switches have 
been pressed. The goal is, in cffect, a 64 
input OR gate. Nobody makes such a thing 
(if they did they'd need a 68 pin package 
to put it in), but we can synthesize it. Just 
follow the expansion: 


b fi, | 


b(1, j} = ati), b(2, j) = а(ё+]), b(3, j) 
= a(164j). . .b(8, j} = a(564j). 


where 


Once you understand how to break OR into 
NOR then NAND (reading from inside the 
parentheses since ihat's the way the signal 
flows), you can nest successively, generating: 


Figure 7: Circuit repre- 
senting the | equation. 
х=[(руа) vs] ^t. 
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Figure 8: A 64 input OR gate. Dotted lines indicate repetition of the relevant 
element. For example, there are 32 2 input NOR gates at the leftmost level, 


ДИ imp) 
АУА [лм а, k P 
тыт [Т 


Working from the inside out we need NOR 
gates, NAND gates, NOR gates, NAND gates. 
2 input NORs are common, as are 4 input 
NANDs. If we feed the 64 input signals into 
32 2 input NORs, their outputs into eight 
4 input NANDs then on into four 2 input 
NORs and finally into a 4 input NAND, we 
have a 64 input OR. Using a logic circuit 
representation, figure 8 shows how this 
expression might be wired, 

At the first level we've used 32 2 input 


1 
| 
Figure 9: Two different | 
ways of building a 64 in- і 
put OR gate. a 
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NORs. Four of these come in one integrated 
circuit package which means we need eight 
packages at the input level. The second level 
requires four packages since there are two 
of these gates in each integrated circuit, the 
third two packages and the fourth one half 
package. The circuit uses approximately 15 
integrated circuits. 

We achieve the same result more directly 
if we begin with the complemented signal 
from each switch. In practice this means 
the switch is wired H rather than L. It is 
neither more nor less difficult. We write the 
following: 


47/474 
v(a(i)) = ^ (* |^ (c(i, k, J 
т\т [1 


beginning with complemented signals we 
need 4 input NANDs, NORs, and NANDs, 
as shown in figure 9a. 

Ап even more direct means to our end is 
the following formula which is illustrated 
in figure 9b: 


8 [8 
уаш) ^^ E (60, | 


where all NAND and NORs are 8 input. This 
requires only nine packages. The only thing 
wrong with the last method is 8 input NORs 
are unusual. They are available in newer 
CMOS, but not in low numbered (7400) 
TTL. Since there are other nearly as simple 
and certainly less expensive ways of doing 
the job it hardly pays to look for the special 
integrated circuits. 

Having established (or more correctly, 
justified) the laws of logic and worked a few 


oti) 


Voti) 


problems, we're ready to take on amultitude 
of simple reductions. 

À more formal and complete treatment 
of logic (at the introductory level) is 
presented in the monograph Propositional 
Calculus by P H Nidditch, Dover Publica- 
tions, New York. It sells for about $1, is 
clearly written and aimed at the general rea- 
der. Armed with this basic knowledge of 
combinatorial logic, we were able to imple- 
ment a keyboard encoder.m 


GLOSSARY 


ANMD gate: А binary circuit with two or more 
inputs and a single output. The output is logic 1 
only when all inputs are logic 1. The output is logic 
O if any of the inputs are logic О (A A B). 


Associative: When the result of an equation is 
independent of the groupings of the elements, 
provided the elements are kept in the same order, 
the operation performed on the equation is 
associative, 


Axiom: A proposition regarded (with good reasons) 
as self-evident truth. 


Commutative: When the result of an equation is 
independent of the ordering of the elements within 
the equation, the operation performed on the equa- 
tion is commutative. 


Complement: [n a given universe, all of the ele- 


ments not contained within one set are the com- 
plement of the set. 


DeMorgan theorem: Inversion of a series of AND 
implications is equal to the same series of inverted 
OR implications. The inversion of a series of OR 
implications is equal to the same series of inverted 
AND implications. AAB = AVB and AVB = AAB. 


Empty set: A set containing no elements. 


Gate: A circuit having two or more inputs and one 
output. The output depends on the combination of 
logic inputs. 


Implication: Logical relation between two 
propositions. 


Inverter: An operation or device which outputs the 
logical complement of the input. Inverting logical 1 
gives logical О; Inverting logical О gives logical 1. 


NAND gate: Combination of a NOT circuit and an 
AND circuit (A А B). 


NOR gate: Combination of a NOT circuit and an 
OR circuit (A V B). 


OR gate: Binary circuit with two or more inputs 
and a single output. The output is logic 0 when all 
the inputs are logic 0. The output is logic 1 if one 
or more of the inputs is logic 1 (A V В). 


Universe: Set containing all elements relevant to a 
specific problem. 


Venn diagram: Graph employingcircles to represent 
logical relations between and operations on sets. 


The Best of BYTE, Volume 1 


Send now to: 


BITS, Inc 
70 Main St 
Peterborough NH 03458 


The volume we have all been waiting for! The answer to those unavailable early issues of 
BYTE. Best of BYTE, edited by Carl Helmers Jr and David Ahl. This 384 page book is 
packed with a majority of material from the first 12 issues. Included are 146 pages 
devoted to "Hardware" and how-to articles ranging from TV displays to joysticks to 
cassette interfaces, along with a section devoted to kit building which describes seven 
major kits. “Software and Applications” is the other side of the coin: on-line debuggers 
to games to a complete small business accounting system is included in this 125 page 
section. A section on “Theory’’ examines the how and why behind the circuits and 
programs. “Opinion” closes the book with a look ahead, as to where this new hobby is 
heading. It is now available through BITS inc for only $11.95 and 50 cents postage. 


State 


Price of Book $ 


The Best of BYTE, Volume 1 Postage, 50 cents $ 


Total $ 
О Check enclosed 
ао D Bill MC # Exp. Date 
— пь; Exp. Date 
= Bill BA # xp 
Signature 


In unusual cases, processing may exceed 30 days. All orders must be prepaid. 


You may photocopy this page if you wish to leave your BYTE intact. 
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Addison-Wesley's Joy of Computing Series — 
dedicated to worthwhile personal computing. 

Books that show you what to do and how to do 
it well. 


Programming a Microcomputer: 6502 
by Caxton C. Foster, 

University of Massachusetts, Amherst 
Teaches microcomputer programming in 
machine language. Emphasizes KIM-1. 


BASIC and the Personal Computer 
by Thomas A. Dwyer and Margot Critchfield, 
University of Pitisburgh 

An outstanding presentation of BASIC and 
extended BASIC showing a great diversity 
of applications. 


The Little Book of BASIC Style 
by John M. Nevison, 

John M. Nevison Associates 
Emphasizes style in BASIC. To be read, 
reread, and referred to often. 


f 
«> 


Put a little joy in your computing experience — 
order books or get more information by wnting 
to Ann Whitworth, Business & Professional 
Division, Addison-Wesley Publishing Company, 
Reading, Massachusetts. Or, ask at your 
nearest computer book store. 


A 
vv 


Business & Professional Division 


ADDISON-WESLEY 
PUBLISHING COMPANY 
Reading, Massachusetts 01867 
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Languages 


Forum 


The Case for a 
“Compiler Interpreter” 


Richard A Rodman 
3041 Patrick Henry #202 
Falls Church VA 22044 


Your "Technical Forum," May 1977 
issue, presents a higher level language ap- 
proach which, although based on ideals 
achievable on larger systems, is unrealizahle 
on microprocessor devices within any realm 
of practicality. The character set alone of 
PL-SKYE is unavailable on displays to 
anyone save ECD Micromind or Noval 760 
users, and hard copy would he a foregone 
conclusion. 

| have been working on high level lan- 
guage ideas myself and have already dts- 
carded the use of a direct compiler system 
of home computers because of its stringent 
demands on mass storage peripherals. Yet, 
as Mr Skye realizes, the resplendent luxury 
of the source code in memory used by an 
interpreter is also far too costly for anything 
but the smallest programs. 

However, there is middle ground in the 
form of a semicompiler or “compiling 
interpreter." This is a program, or sel of 
programs, which reads the source code from 
lape, translates it into compact symbolic 
code, and then interprets this code. As a 
single program, this is of course too large for 
the amount of memory space in a home 
computer. However, it may be broken down 
by task into three segments: the translator, 
which creates the symbol table as well; Ihe 
resolver, which resolves label references, 
allocates memory for variables and so 
forth; and the interpreter, These three seg- 
ments, would, each upon completion, load 
in the next segment. There would be an 
optional fourth segment, the  "recon- 
structer," which would be able to recon- 
struct the source code if desired. 

| feel that this arrangement would allow 
the use of slow speed devices, such as the 
audio cassette recorder, without sacrificing 
an enormous amount of speed. Translation 
would of course have to be done in a single 
pass, reading from one tape onto another. 

As far as specifying the particular ele- 
ments of the language, it would be best to 
start simple. |, as well as many others, share 


The Computer for the Professional 


Whether you are a manager, scientist, educator, lawyer, 
accountant or medical professional, the System 8813 will 
make you more productive in your profession. It can keep 

track of your receivables, project future sales, evaluate 
investment opportunities, or collect data in the laboratory. 


Use the System 8813 to develop reports, analyze and store 
lists and schedules, or to teach others about computers. 
It is easily used by novices and experts alike. 


Reliable hardware and sophisticated software make 
this system a useful tool. Several software packages are 
included with the machine: an advanced disk operating 
system supporting a powerful BASIC language inter- 
preter, easy to use text editor, assembler and other system 
utilities. Prices for complete systems start at $3250. 


See it at your local computer store or contact us at 
460 Ward Dr., Santa Barbara, CA 93111, (805) 967-0468. 
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UP AND RUN 


NING 


TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION 
TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS 


John Montagna, computer engineer (above left), 
lead this successful network team in generating 
election results speedily, efficiently and reliably 
using predominantly TDL hardware and soft- 
ware. Montagna created three programs to get 
the job done. The text for a SWAPPER pro- 
gram was written and assembled using the TDL 
TEXT EDITOR and Z80 RELOCATING MACRO 
ASSEMBLER. The SWAPPER text and all 
debugging was run through TDL's ZAPPLE 
MONITOR. The relocatable object code was 
punched onto paper tape. А MAIN USERS 
program updated votes and controlled air dis- 
play. An ALTERNATE USERS program got 
hard copy out and votes in. The latter two 
programs were written in BASIC. Montagna 
modified the ZAPPLE BASIC to permit time- 
sharing between the two USERS programs. 


TDL's XITAN SYSTEMS have the capacity to do 
similar tasks for you. Write to us for XITAN 
information and the name of your nearest TDL 
dealer. 


BYTE February (978 


Four screens were incorporated, two terminals 
entered votes as they came in and were used 
to call back votes to check accuracy. Mon- 
tagna called on the power and flexibility 
offered by TDL's ZPU board and three Z-16 
Memory boards. 


Montagna's setup worked constantly for over 
four hours updating and displaying state-wide 
and county-wide results without flaw. 


"| chose TDL because they have all the soft- 
ware to support their hardware, and it's good; 
it has the flexibility to do the job." 

John Montagna 


We salute John Montagna and NEW JERSEY 
PUBLIC BROADCASTING for spearheading 
the micro-computer revolution. 


TECHNICAL 
DESIGN 
LABS 


RESEARCH PARK BLDG.H 1101 STATE ROAD 
PRINCETON, NEW JERSEY 08540 (609) 921-0321 
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the visions of Mr Skye, but it is best to start 
with the humble and glorify it, rather than 
to start with the glorious and humble it. 

BYTE is to be commended for the publi- 
cation of the Tiny Assembler in bar codes. 
However, the dearth of bar code hardware is 
certain to lead to its gracing far more book- 
shelves than memory chips. Furthermore, 
even with suitable hardware, the reliability 
of bar code loading remains to be demon- 
strated for most of us. Audio disks are more 
easily read but obviously more expensive 
and quite subject to physical damage. (One 
can imagine the record skipping and loading 
all of memory with “disposable interrupts."’) 
[This has not been a problem with Interface 
Age's "Floppy ROMs," according to Bob 
Jones. . .CM/ Surely there must be other 
possibilities for the publication of large 
programs. 

There is a very fine line between stan- 
dardization and ossification. Technological 
superiority must always come before stan- 
dardization, although the primary things to 
keep in mind are specific needs and available 
resources. | feel that too often these factors 
have been ignored in this field. | hope this 
will not be the case in the future. 


directional. 


CIBO" 


DAJEN Electronics 
7214 Springleaf Ct. 
Citrus Heights, Ca. 95610 


(916) 723-1050 


storage. 


mands total. 


High-speed cassette system with 2 relays, simultaneous 
read and write, speeds from 500 to 40,000. 


Yes, please rush my SCI to: 


Маппё аа ьа ааа аа onc mL Altair, Poly, 
IMSAI, Z-80, 
Address ышын ынын spain nL aoee S irs cane 
СИ ааа State ........ Zoe рше 
t 

Mastercharge „аана, EXD эозин. $285 

ы Assembled 
Мїва/ BA. ed sis ciet нышы: EXD: eed $345 
Signature саваа шышы ИИ pictae sula 
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APL Character Representations 


David Sloan 

628-555 Keenleyside St 
Winnipeg Manitoba R2K 3PG 
CANADA 


For those readers with a problem of 
representing APL characters, | have found a 
temporary solution. For those who have a 
video display with reverse video selectable 
for each character, the functions can be very 
easily displayed as reverse polarity char- 
acters. This is easily accomplished by de- 
fining one of the keys as a special function 
key through software control. This will 
produce the reverse polarity required. 

Since most of the APL characters are a 
close representation of the present keyboard 
Characters, this will be sufficient for most 
applications. It also means that the lower 
case and special characters can still be 
represented. 

In the APL interpreter, a special char- 
acter can then be easily detected, by looking 
to see if the cursor bit is turned on. 


Easy to use! Everything you need 
for I/O, mass storage, and a monitor. 
3 complete parallel parts with their 
own handshaking, latched outputs, bi- 


Serial port with 20 ma, 60 ma, 
RS-232, speeds from 75 to 19,200. 256 
bytes of RAM for stack and buffer 


2708 PROGRAMMER 
3K of ROM, 2-2708's provided with 
monitor: complete video, software, cassette routines, 16 com- 


OUR NEWEST BABY! 


The System Central Interface 
SCI 
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why 


If you want to be better, you 
have to be willing to make 
changes. So, when we started 
designing our H8 Computer 
back in1975, we put aside a lot 
of pre-conceptions to design a 
better computer. For instance, 
instead of slavishly adopting 
an inferior bus as a "standard" 
we designed our own. We 
used fifty fully-buffered lines 
because that's all we really 
needed with the H8's built-in 
systems controller. The result? 
Clean signals, minimum 
noise and great expansion 
capabilities. 


Next, we picked a male/fe- 
male connector. Not only is it 
less expensive than edge con- 
nectors, our tests show it's 
also more reliablel Апа be- 
cause it costs less, every H8 
motherboard includes all the 
connectors you need for ex- 
pansion. There's nothing extra 
to buy. 


The connectors are mounted 
on the right side of the cabinet 
at an angle so the boards tilt 
back. That gives us a couple of 
significant advantages. First, 
it allows the boards to be 
larger without requiring a 
taller cabinet. So our circuit 
board layout is more open, 
which makes the boards 
easier to build — even if you've 
never built a kit before. Sec- 
ond, the angled mounting 
provides easy accessibility to 
all the components on the face 
of the boards without an ex- 
tender. (Many times an exten- 


the last bus 
the best bus 


der alters the transmission 
characteristics of the bus, 
which masks the problem 
you're trying to solve or even 
causes new ones.) 


And we plan to support the H8 
bus. In the future you can ex- 
pect to see many new and 
exciting accessories for the H8 
bus like higher density, lower 
power memories and a variety 
of unique I/O interfaces. 


We're very happy with our bus, 
and we think you will be, too. 


Who minds being different... 
as long as you're better. 


Heathkit 
Computers 


= 


Read about nearly 
400 money-saving, 
fun-to-build 
electronic kits. 


Use pares to send for 
your mail order catalog 
or bring coupon to a 


! T Heathkit Electronic 
p—— Center for your catalog. 


Heath Company, Dept. 334-380 
ЫЙ Benton Harbor, MI 49022 


Please send me my FREE Catalog. | am not on your mailing list. 


Мате. 
Addre 
City. State 
CP-135 zip 
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AVAILABLE LOCALLY AT 
HEATHKIT ELECTRONIC CENTERS 
(Units of Schtumberger Products 
Corporation) Retail prices on some 
products may be slightly higher. 


ARIZONA: Phoenix, 86017, 2727 W. indian Schoot 
Ad., Phone: 602-279-6247; CALIFORNIA: Anaheim, 
92805, 330 E. Bali Rd., Phone: 714-776-9420; El 
Cerrito, 94530, 6000 Potrero Ave., Phone: 415-236- 
8870; Los Angeles, 90007, 2309 S. Flower S, 
Phone: 213-749-0261; Pomona, 91787, 1555 Orange 
Grove Ave. N., Phone: 714-623-3543; Redwood 
City, 94063, 2001 Middletiatd Rd., Phone: 415-365- 
8155; Sacramento, 95825, 1860 Fulton Аме., Phone: 
916-486-1575; San Diego (La Mosa, 92041), 8353 
Center Dr., Phone: 714-461-0110; San Jose (Camp- 
bell, 95008). 2350 S, Bascom Ava., Phone: 408- 
377-8920; Woodland Hills, 91364, 22504 Ventura 
Bivd., Phone: 213-883-0531; COLORADO: Denver, 
80212, 5946 W. 38th Ave., Phone: 303-422-3408; 
CONNECTICUT: Hartford (Avon, 06001), 395 W. 
Main St. (Rte. 44), Phone: 203-678-0323; FLORIDA: 
Miami (Hialeah, 33012), 4705 W. 16th Ave., Phong: 
305-823-2280; Tampa, 33614, 4019 West Hlils- 
borough Ave., Phone: 813-886-2541; GEORGIA: 
Atlanta, 30342, 5285 Roswell Ad., Phone: 404-252- 
4341; ILLINOIS: Chicago, 80645, 3462-66 W. De- 
von Ave., Phone: 312-583-3920; Chicago (Downers 
Grove, 60515), 224 Ogden Ave., Phane: 312-B52- 
1304; INDIANA: indianapolis, 48220, 2112 E. 62nd 
St., Phone: 317-257-4321; KANSAS: Kansas City 
(Mission, 66202), 5960 Lamar Ave, Phone: B13- 
362-4486; KENTUCKY: Loulsville, 40243, 12401 
Shelbyville Rd., Phone; 502-245-7811; LOUISIANA: 
New Orleans (Kenner, 70062), 1900 Veterans 
Memorial Hwy., Phone: 504-722-6321; MARYLAND: 
Ballimora, 21234, 1713 E. Joppa Rd., Phone: 301- 
661-4446; Rockville, 20852, 5542 Nicholson Lana, 
Phone: 301-881-5420; MASSACHUSETTS: Boaton 
(Peabody, 01960), 242 Andover St, Phone: 617- 
531-9330; Boston (Wellesley, 02181), 165 Wor- 
cester Ave. (Rl. 9 just west of Rt. 128), Phone: 
617-237-1510; MICHIGAN: Detroit, 49219, 16645 
W. Eight Mile Rd., Phone: 313-535-5480; E, De- 
trolt, 48021, 18149 E. Elght Mile Rd., Phone: 313- 
772-0416; MINNESOTA: Minneapolis (Hopkins, 
55343), 101 Shady Oak Ad., Phone: 612-938-5371; 
MISSOURI: St. Louls (Bridgeton), 63044, 3794 
McKelvey Rd., Phone: 314-291-1850; NEBRASKA: 
Omaha, 68134, 9207 Maple St., Phone: 402-391- 
2071; NEW JERSEY: Fair Lawn, 07410, 35-07 
Broadway (Rte. 4), Phone: 201-791-6935; Ocean, 
07712, 1013 State Hwy. 35, Phone: 201-775-1231; 
NEW YORK: Buffalo (Amherst, 14228), 3478 Sheri- 
dan Dr., Phone: 716-635-3090; Jericho, Long Is- 
land, 11753, 15 Jericho Turnpike, Phone: 516-334- 
8161; Rochester, 14623, 937 Jefferson Rd., Phone: 
716-244-5470; White Plains (North White Plains, 
10603), 7 Reservoir Rd., Phone: 914-761-7690; 
OHIO: Cincinnall (Woodlawn, 45215), 10133 
Springfield Pike, Phone: 513-771-8850; Cleveland, 
44128, 5444 Pearl Rd., Phone: 215-886-2590; Col- 
umbus, 43229, 2500 Morse Rd., Phone: 614-475- 
7200; Toledo, 43615, 48 S, Byrne Rd., Phone: 419- 
537-1887; PENNSYLVANIA: Philadelphia, 19149, 
6318 Roosevelt Blvd., Phone: 215-268-0180; Frazer 
(Chester Co.), 19355, 630 Lancaster Pike (Rt. 30), 
Phone: 215-647-5555; Pittsburgh, 15235, 3482 Wm. 
Penn Hwy., Phone: 412-824-3564; RHODE ISLAND: 
Providence (Warwick, 02886), 558 Greenwich 
Ave., Phone: 401-738-5150; TEXAS: Dallas, 75201, 
2715 Ross Ave. Phone: 214-826-4053; Houaton, 
77027, 3705 Westheimer, Phone: 713-623-2090; 
VIRGINIA: Alexandria, 22303, 6201 Richmond 
Hwy., Phone: 703-765-5515; Norfolk (Virginia 
Beach, 23455), 1055 Independence Blvd., Phone: 
804-480-0997; WASHINGTON: Seatile, 08121, 2221 
Third Ave., Phone: 206-682-2172; WISCONSIN: 
Mitwaukee, 53216, 5215 W. Fond du Lac, Phone: 
414-873-8250, 
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Photo 1: Several typical stepper motors. In order of physical size from smallest to largest, the motors are rated as follows in 
regard to power consumption and torque: 2 W at 0.5 oz-in, 3 W at 2.0 oz-in, 6.5 W at 9.0 oz-in, and 12 W at 16.0 oz-in. 


Taking the First Step 


Stepper motors are coming down in cost 
now to the point where they can be designed 
into home projects. They are a natural for 
variable speed or precise angular movement 
controlled by a microprocessor. 

All stepper motors convert electrical 
pulses into mechanical movements. In this 
article | will be referring to permanent 
magnet stepper motors such as those shown 
in photo 1. This type of motor is classified 
as either a pulse stepper or a logic stepper. 
Pulse steppers usually are unidirectional and 
have one center tapped coil. Logic steppers 
are multicoil and bidirectional. | will confine 
my drive controls to the bidirectional logic 
stepper. 

Stepper motors have typical step angles 
from 3.75? up to 90°. The step angle is 
determined by the number of coil phases in 
the motor. For any motor design this is 


fixed and very accurate. Stepper motors can 
be readily obtained with operating voltage 
from 5 V to 48 V, with 12 V and 24 V the 
most common. The construction of the 
motor consists of a rotating multipole per- 
manent magnet and stationary multipole 
electromagnet coils. The rotating magnet is 
formed by taking a cylinder of ferromag- 
netic material and magnetizing alternate 
north and south poles. 24 pole pairs give 7° 
30' steps. 

The 4 phase stepper has two center 
tapped windings. Each winding surrounds 
one half of the rotor. Soft iron fingers 
arranged into pairs concentrate the magnetic 
flux from each winding near the rotor. Asa 
winding is energized, the rotor moves to 
align its magnetic poles with the poles of the 
stator. The next coil in line will again shift 
the stator field and cause another rotor step. 


Robert E Bober 
449 Pleasant St 


Framingham MA 01701 
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MAGNETIC 
FLUX 


Figure 1: Illustration of 
the magnetic fields Sur- 
rounding a current carry- 
ing coil. A simple method 
for determining the direc- 
tion of the magnetic flux 
and the north pole of the 
system 15 shown in figure 
Ib. ІР the fingers of your 
right hand are wrapped 
around the coil in the di- 
rection of the current, (a) (b) 
your thumb will be point- 

ing in the direction of the 


magnetic flux. This is Thus with each pulse, one precise step is ceases. Figure 1a shows a typical electro- 
called the right hand rule. made. The trick is to energize the coils in the magnet. When current flows as indicated, the 
proper sequence. magnetic flux creates north and south poles 


as shown. The magnetic flux is related to the 


Theory of Operation direction of current in the coil using the 
The basis for all motor rotation lies in right hand rule illustrated in figure 1b. If the 
magnetics. Like poles repel while unlike fingers point in the direction of coi! current 
poles attract. The tricky part is in creating flow, then the thumb points in the direction 
the magnetic poles and directing the mag- of magnetic flux and the north pole. [f two 
netic flux. The magnetic poles can be either magnetic systems exist in close proximity, 
permanent magnets or electromagnets. Per- their net magnetic flux is the vector sum of 
manent magnets are made of a variety of the two individual magnetic contributions at 
materials, and once magnetized by a strong each point in space. 
magnetic field will retain their strength. A motor consists of a stationary part 
Electromagnets consist of a coil of wire called a stator and a rotating part called a 
surrounding a soft iron structure. When rotor. |n a stepper motor the stator is an 
current flows in the coil, a magnetic field electromagnetic coil and a ferrous magnetic 
exists. When the current ceases, the field path. The rotor is a permanent magnet, 
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Figure 2: Movement of a rotor in a motor using only two poles. in figure 2a the rotor does not have any outside forces acting on 
it. in figure 2b one set of coils is energized and the rotor swings to line up opposite poles. When the current in the coils is 
reversed the rotor poles will switch. However, we cannot tell in which direction they will turn to get there. 
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Meet The North Star Family 


THE NORTH STAR S-100 FAMILY—four high perform- 
ance products at attractive low prices. Our boards are 
designed for use in the North Star HORIZON computer 
and other S-100 bus computers using 8080 or Z80 proces- 
sors. Visit your computer store for a demonstration, or 
write for our free color catalog. 


16K RAM BOARD 


No other S-100 bus memory can match the performance 
of the North Star 16K RAM at any price. This low-power 
board has been designed to work at full speed (no wait 
states), even at 4MHz with both 780 and 8080 systems. 
Memory refresh is invisible to the processor, bank switch- 
ing is provided and addressability is switch selectable in 
two 8K sections. Best of all, a parity check option is avail- 
able. Kit: $399. Assembled: $459. Parity Option — kit: 
$39. Assembled: $59. 


MICRO DISK SYSTEM 


The North Star MDS is a complete floppy disk system with 
all. hardware and software needed to add floppy disk 
memory and a powerful disk BASIC to S-100 bus com- 
puters. The North Star MDS is widely considered one of 
the best designed and most complete S-100 bus products 


available. The MDS includes the S-100 interface board 
with on-board PROM for system startup, Shugart mini- 
floppy disk drive, cabling and connectors, and DOS and 
BASIC software on diskette. Kit: $699. Assembled: $799. 
Additional drive — Kit: $400. Assembled: $450. Single 
Drive Cabinet: $39. Optional Power Supply: $39. 


Z80A PROCESSOR BOARD 


The North Star ZPB brings the full speed, 4MHz Z80A 
microprocessor to the S-100 bus. Execution is more than 
twice the speed of an 8080, and the ZPB operates in sys- 
tems both with and without front panels. The ZPB in- 
cludes vectored interrupts, auto-jump startup, and space 
for 1K of on-board EPROM. Kit: $199. Assembled: $259. 
EPROM Option — kit: $49. Assembled: $69. 


HARDWARE FLOATING POINT BOARD 


If you do number crunching, then this board is for you. 
The FPB performs high-speed floating point add, subtract, 
multiply and divide with selectable precision up to 14 
decimal digits. Arithmetic is up to 50 times faster than 
8080 software, and BASIC programs can execute up to 
10 times faster. A version of North Star BASIC is included. 
Kit: $259. Assembled: $359. Prices subject to change. 


NORTH STAR Ж COMPUTERS 
2465 Fourth Street * Berkeley, California 94710 • (415) 549-0858 
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Figure 3: When an additional pair of stator coils is added to the system it is possible to turn the rotor in a definite direction by 
a predetermined amount. The net magnetic flux is indicated by the heavy arrow in each case. 
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Figure 4: An exploded 
view of а typical stepper 
motor showing internal 
construction. 
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usually a hollow cylinder to reduce inertia. 

Figure 2a shows a 4 pole motor with 
none of its poles energized. When power is 
applied it will snap clockwise to position 2b 
if the direction of current is as shown. This 
is because the opposite poles are attracting 
and the like poles are repelling. However, 
when the direction of current is reversed it is 
not possible to predict the direction the 
rotor will turn in going from 2b to 2c. We 
must energize another pair of poles as in 
figure 3 before we gain control of rotation. 

In figure 3a the rotor is shown at rest 
aligned with the net magnetic flux field from 
the stator coils. All four coils now have 
current flowing. In figures 3b and 3c the 
current has been reversed through stator 
coils A and C. Therefore, the net magnetic 
flux now adds up as shown. In figure 3b the 
rotor has started to turn clockwise. This 
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rotation is caused by the repulsion of the 
like poles as well as the attraction of the 
opposite poles. When the rotor poles again 
align with the magnetic flux of the stator, as 
in figure 3c, the rotor is again at rest. This 
motor requires four steps per revolution. 

In а realizable motor there are more than 
four poles and they are folded up around the 
rotor. More poles will result in smoother 
rotation. The windings, two in these smail 
motors, contribute magnetic flux to a num- 
ber of poles. These coils may be center 
tapped to allow reversal of current in the 
windings with a single polarity power sup- 
ply. This is illustrated more fully later on. 
Figure 4 shows an exploded view of a typical 
small stepper motor. The two coils are 
enclosed by steel cups which complete the 
outer magnetic path. The inner magnetic 
path of the stator is a series of small 
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io Scientific advances 


the state-of-the-art 


of small computers. 


From our inexpensive 8K BASIC in ROM Challenger IIP to our powerful triple processor 
Challenger Ill, Ohio Scientific offers a full range of products that are technologically 
superior to anything available on the market today. 


Challenger IIP from Ohio Scientific is our unique 
personal computer with BASIC in ROM and 4K RAM 
for programs in BASIC. 

Complete with audio cassette interface and a fuli 
computer keyboard, Challenger IIP can be connected 
to a home TV via an RF converter and it's ready to go. 

Challenger IIP comes fully assembled and tested 
for only $598.00. 


= 


11679 Hayden * Hiram, Ohio 44234 


Challenger II 
| a Challenger Il 


А from Ohio Scien- 
Mise tific is a disk 
based computer 
Р capable of stor- 
~ ing up to 500,000 
= bytes of informa- 
“за tion on an Ohio 
= ~“ Scientific dual 
—— s drive floppy disk. 

Challenger Il comes with 16K of RAM (the disk 
BASIC is automatically loaded into the computer so 
there is no need for ROM's) and our powerful Disk 
Operating System (DOS) which allows the computer 
to perform big computer functions like random ac- 
cess, sequential and index sequential files in BASIC, 
and VO distributors which support multiple terminals 
and industry standard line printers. 

And best of all a 16K Challenger II with serial inter- 
face, single drive floppy disk, (250,000 bytes) BASIC 
and DOS costs only $1,964.00 fully assembled. 


Challenger III 


Challenger IIl from Ohio Scientific is the revolutionary, new triple processor 
computer that allows you to run programs written for the 6502A, 6800 and Z-80 
processors. 


Incredible as this is, a disk based Challenger III costs 


only about 10% more than conventional single processor 


microcomputers. A 32K Challenger Ill with a 
serial interface and a dual drive floppy disk 
assembled and tested costs $3,481.00. 


For more information send for our 
Free, short form catalog, or send $1 for 
our 64 pg. Small Computing Buyers Guide. 
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Introducing three boards only 
Ohio Scientific could build. 


Ohio Scientific provides 15 system boards offered in over 40 different versions for Ohio Scientific Com- 
puter users. All of the boards are compatible with Ohio Scientific systems and many of them are by far 
technologically superior to any other microcomputer products on the market. And Ohio Scientific has the 
technology that made them possible. 


500 CPU Board 


This board gives you our ultra-fast 8K BASIC in ROM 
with plenty of user workspace (4K RAM) for as little as 
$298.00. Use it as a standalone or as the CPU in a large 
system. BASIC is there the instant you turn it on. And 
in the October issue of Kilobaud Magazine, our version 
of 8K BASIC came out the winner in a BASIC timing 
comparison test of all of our competitors. The 500 is the 
fastest around! 


510 Systems CPU Board 


This is our unbelievable triple processor board! Com- 
plete with the 6502A, 6800, and Z-80 processors, this 
board allows you to run virtually all programs published 
for small computers. Available in the Challenger III, the 
510 board is ideal for industrial development and re- 
search applications. There isn't another triple proces- 
sor board like the 510 anywhere, except at Ohio 
Scientific! 


560Z CPU Expander Board 


The 560Z board is our multiprocessing board with a 
2-80 and 6100 chip. This board allows you to run 
several processors simultaneously and the 6100 chip 
lets you run powerful PDP8 software with the 560Z. The 
560Z board is the only multiprocessing board available 
for small computers, and Ohio Scientific makes it! 


These three state-of-the-art CPUs are only a small part of the picture. Ohio Scientific's advaneed-tech- 
nology offers you other unique features such as Multiport Memories, Distributed Processing, Big Disks with 
up to 300 megabytes on line, and Advanced Software. 
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Announcing the most 
advanced disk 
anywhere for *6,000 
The 74 megabyte disk 
from Ohio Scientific 


C-D74 from Ohio 
Scientific is the ultimate 
storage device for small 
computers. 

The C-D74 is the first 
Winchester technology disk 
for small computers making 
big system technology af- 
fordable and reliable for the 
small system not under 
maintenance contract. 

The disk uses a non-re- 
movable sealed chamber 
drive with a unique rotary 
positioner to provide the 
highest performance disk 
available today. 

The Ohio Scientific 
C-D74 can store all the 
records of a medium size 
company for instant access. 
And the Winchester tech- 
nology of the C-D74 means 
that the drive can run 24 

hours a day without worry 
of disk wear. 
There are other important 
C-D74 applications in business 
computing and research in computing 
itself. The disk makes smal! computers 
practical for much larger jobs than 
formerly thought feasible, particularly since most business computing is 
disk bound and not computer bound. 
C-D74 provides an unbelievable 35 millisecond average access time 
to any of 74 million bytes of information. With a 10 millisecond single 
track seek, the drive has an incredible data transfer rate of 7.3 megabits 
per second. 
Recommended minimum hardware for the C-D74 is a Challenger 
with 32K RAM and at least 8K on a Dual Port 525 board, and a single 
or dual-drive floppy disk. 
The drive , cable, interface for an Ohio Scientific Challenger and 
OS-74 operating system software is $6,000 FOB Hiram, OH. 
Equipment rack shown not included. 
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Simulation of Motion 


Part 4: Extended Objects, Applications for Boating 


Have you ever wondered why the shapes 
of boat hulls differ so widely? Boating 
enthusiasts know that certain designs will be 
best in lakes and rivers, and certain others in 
open seas, Some boats are much roomier 
than others; some are safer in rough water; 
but what penalties in stability and riding 
comfort might you pay for the extra room 
or seaworthiness? The motion of a boat 
depends on its response to the variety of 
waves it encounters. These motions can be 
simulated on your personal computer. You 
can determine how a given design will re- 
spond to any sea condition. The basic equa- 
tions for stepping speed and position into 
the future will still apply, as they were 
discussed in the earlier articles of this series; 
but you'll also need some new techniques. 
As you implement this simulation, you'll 
discover that forces in a linear degree of 
freedom can also produce moments and 
their resulting motion in an angular degree 
of freedom. In this article, PII show how 
that interaction is handled. I'll also intro- 
duce the concept of distributed forces, and 
a numerical technique to handle them. 
Although developed for a boating applica- 
tion, these new ways of calculating forces 
should find use in updating many of our 
previous simulations. 

We have already seen quite a variety of 
ways to calculate forces. Gravity, a force 
present in every simulation in the last three 
articles, simply made a constant change in 
the vertical speed at each step. Thrust, used 
in rocket and aircraft simulations, came 
either from a user input or from a table 
interpolation. Forces in an automobile 


suspension were found to depend directly 
on the vertical position (spring force) and 
the vertical speed (damping force). Aero- 
dynamic forces were computed by multi- 
plying a coefficient (ie: constant) by the 
sum of the squares of the speeds in each 
linear degree of freedom. While these ex- 
amples cover most of the situations you are 
likely to encounter in simple models, any 
new simulation might present some unique 
requirement. 

For example, in al! the calculations, the 
forces have had one thing in common. They 
acted at a single point. We call such forces 
discrete. In reality, some are not discrete, 
but act at many points on a body simultane- 
ously. These are referred to as distributed 
forces. Aerodynamic drag is a typical distri- 
buted force. Although we used the drag co- 
efficient to calculate a single force, the 
retarding action of the air acts all over the 
body. A coefficient is just one tool used to 
convert distributed forces into discrete ones. 
Not all distributed forces can be converted 
using coefficients, so I'll introduce a more 
general technique using the boating simula- 
tion as an example. 

The principle forces on a boat are gravity 
and buoyancy, the floating power of the 
hull. Because buoyancy is an upward push 
provided by the water, it is not difficult to 
see that it is a distributed force covering the 
entire area of the boat below the water line. 
Converting this distributed force to a dis- 
crete one will allow us to simulate the verti- 
cal motion of the boat. 

Perhaps more important to the boat de- 
signer or buyer will be the angular, rolling 


Price/ Performance 
no one else has put together. 


IMSAI Introduces the PCS-80/30 
Integrated Video Computer 


[]3 mHz microcomputer 

[]3K ROM monitor 

[]2K RAM 

[18 expansion slots 

(0 14 mHz integrated intelligent 
CRT (24 x 80) 

[ ] Intelligent Keyboard 

[C] Parallel interface 

[0 2 serial interfaces 

C] Graphic and edit CRT 
functions 

[128 amp power supply 

CIAL for $1499* assembled 
and tested. 

Software: 


ASSEMBLER, DOS, TTY and ACR 
BASIC, Commercial/Scientific BASIC, 
FORTRAN IV and more. 


Memory Options: 
4, 16, 32 and 64K RAM memory boards. 
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Peripherals: 


Printers, floppies—mix and match; 
standard, mini and high performance 
double density floppy disks on the same 
system (an industry first), 2 magnetic 
tape drive, CRT and TV monitors. 


Send today for your copy of the 250-page 
IMSAT PCS-80/30 User Manual. Price 
$5,00. The cost of the manual may be 
applied towards your purchase of a PCS- 
80/30 Integrated Video Computer, Use 
the coupon provided. 


Gentlemen: 
Send me the IMSAI PCS-80/30 User Manual, price 
$5.00, I understand that the $5.00 E DR applied 


towards the purchase of a PCS-80/30 Video 
computer System. 


Check ‘Money Order enctosed. Amr. 5 
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RU e Ur ale: 


Name 
Address. 
City. 
State/Zip 


IMSAl — 14860 Wicks Blvd. San Leandro, CA 94577 


IMISAT 


The Standard of Excellence 

in Microcomputer Systems 

IMSA! Manufacturing Corporation 

14860 Wicks Blvd. San Leandro, CA 94577 
(415) 483-2093 TWX 910-366 7287 


"1.5. domestic price paly, PCS-80/30 kit available. Other PCS-80 kits start 
al $693, Prices and specifications: subject to change without notice. 
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Wind Speed 


2 m/sec 
period (sec) 
length (m) 
height (m) 


5 m/sec 
period (sec) 
length im) 
height (m) 


10 m/sec 
period (sec) 
length (m) 
height (m) 


20 m/sec 
period (sec) 
length (m) 
height (m) 


Typical Bodies of Water 


Rivers Lakes Inlets 
0.6 1.0 1.5 
0.56 1.5 2.3 
0.02 0.06 0.12 
0.8 1.2 2,0 
0.1 2.2Б 5.0 
0.05 0.08 0.2 
1.25 2.0 3.0 
24 6.25 14.0 
0.08 0.15 0.35 
2.5 4.0 6.0 

10.0 25.0 56.0 
0.25 0.65 14 


Bays Open Sea 
2.0 3.5 
3.1 20.0 
0.15 0.5 
24 4.5 
9.0 30.0 
0.25 0.75 
4.25 7.0 

28.0 80.0 
0.7 2.0 
8.5 14.0 

110.0 300.0 
2.8 7.5 


Table 1: Characteristics of waves. The height, period and length of waves all vary, but for 
certain conditions, average values have been established. The wave length and period are affec- 
ted by the depth of the water. The height depends on the wind speed, how long it has been 
blowing, and the width of the body of water. Readers who want to model real sea conditions 
should find a good oceanography text, but the above summary should prove adequate for 


casual use. 
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and pitching motion of the boat. Angular 
motion was introduced in a rocket flight 
simulation (see January 1977 BYTE, page 
144). In that case, it was entirely indepen- 
dent of the linear motion. At the end of the 
same article | suggested that the motion of 
an automobile body should also be simula- 
ted using an angular degree of freedom, but 
that the angular and linear motions could no 
longer be considered separately. This is also 
true in the boating example. The moments 
used to compute the angular motions will be 
calculated directly from the linear motions. 
Because the forces in the automotive example 
are discrete, we'll develop the technique to 
handle combined angular and linear motion 
using the distributed forces of the boat 
example. In that way, one simulation will 
serve to demonstrate both of the new 
concepts. I'll leave the development of a two 
or four wheel automobile suspension simula- 
tion to interested readers. 

The motion of a boat is similar in many 
ways to that of the automobile body. When 
it is launched, a boat settles into the water in 
response to gravity. As the hull displaces 
more water, the buoyant force becomes 
larger, until at some point, it balances gravity 
and the boat stops sinking. This point is 
called equilibrium and is analogous to the 
equilibrium of an automobile suspension. 
Unless there is a disturbance, the boat will 
remain at equilibrium. In the automotive 
example, disturbances came in the form of 
a rising or falling road. With boats, we en- 


counter a rising and falling sea, in other 
words, waves. 

Sea waves occur in a variety of shapes. 
Their length (distance peak to peak), their 
height (distance peak to trough), and their 
period (time to rise and fall), all vary appar- 
ently at random. In fact, these parameters 
have fairly well defined relationships. 
Readers with an interest in modeling sea 
states should refer to a good marine science 
text. For this simulation, we'll represent 
waves with a sine function, and use the data 
in table 1 to compute their size. 

Dealing just with forces for a moment, 
let's see how a small object is affected by 
wave motions. Figure 1 shows a bottle, float- 
ing in a body of water. We know from our 
previous simulations that every second, 
gravity subtracts 9.8 meters per second from 
the bottle's vertical speed. If the bottle is to 
remain stationary, the effect of buoyancy 
(force divided by mass) must be equal and 
opposite (ie: 9.8 meters per second per 
second upward). The mass of the bottle 
should be known. Let it be 0.1 kilograms. 
The buoyant force is equal to the weight of 
the water displaced by the bottle. Remem- 
ber that weight is a force, the effect of 
gravity acting on a mass. The weight of the 
water, in newtons, is equal to its mass, in 
kilograms, times the effect of gravity, 
9.8 meters per second per second. Each 
1000 cubic centimeters (cc) of water has.a 
mass of 1 kilogram, and thus a weight of 
9.8 newtons. Knowing this, and the mass of 
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High performance, 
cost effective products 
for your microcomputer. 


The Extensys FOS100 Floppy Disk System provides a high The Extensys RM64 Memory Board provides up to 64K on 
performance floppy disk system based upon multiprocessors one board. Designed for S-100 based computers, the RM64 
in a multiuser environment, The FOS100 accomplishes this occupies only one bus slot, Four versions of the same board 
through a completely integrated hardware and software system. are available: 16K, 32K, 48K and 64K bytes with the less-than- 
The hardware consists of a File 1/O board, a PerSci controller 64K versions easily expandable by inserting memory chips into 


board and one or two dual PerSci Model 277 floppy disk drives. existing sockets. The Board uses dynamic RAM s with 300 ns 
The File 1/0 board has an 8080 A microprocessor, 1K of PROM access time and “invisible” on-board refresh. Other features 


and 8K of RAM on-board to provide a separate 1/0 processor include bank select logic for PROM/ROM coexistence plus 

which will handle all disk |/O functions of the system. The expansion beyond 64K, write protect circuitry, and multilayer 

PerSci contraller board is encased in an attractive cabinet ground plane construction for noise immunity. 

with either one or two dual PerSci drives, The RM64 comes completely assembled and tested with 
The software, Extensys Multiprocessor Operating System, a one year warranty. Delivery is STOCK to 15 days upon 

EMOS, provides many large computer capabilities, such as receipt of order, with shipping and handling prepaid in the 


multiprocessor, multiuser operation, individual file security based continental United States. 
upon user supplied passwords, system security апа ІВМ 
compatible format, Additionally, 
the FOS100 has optional Direct 
Memory Access (DMA) 
capabilities when used 
in conjunction with 
the Extensys 

MM16 Memory 
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FOS100 


corporation 
Extensys Corporation 


Are you planning to produce a high performance, 380 Bernardo Avenue 
cost effective computer system or expanding the Mountain View, CA 94040 
capabilities of your current line? If so contact US, (415) 969.6100 


the people who can make it happen for you NOW. 
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the bottle, we can calculate the amount of 
water that the bottle displaces. In other 
words, we can find the volume, V, of the 
bottle below the water line at equilibrium. 
Force divided by mass must equal 9.8 to 
balance gravity, so the equation 9.8 = 9.8/ 


1000 * V / 0.1 can be solved for V to find 
that 100 cc of the bottle is under water. ЇЇ 
the bottle is 4 centimeters in diameter, we 
will find (from the formula for the volume 
of a cylinder) about 8 centimeters of its 
length must be below the surface. 


Now suppose that the surface of the 
water rises suddenly. More than 8 cm of the 
bottle will be underwater, and the buoyant 
force will exceed gravity. The vertical speed 
of the bottle will increase and it will rise 
with the water. When the bottle reaches 
equilibrium again it will still have a positive 
vertical speed, so it will pass through that 
point and continue to rise. Now, however, 
it is gravity which is the larger force, and the 
vertical speed will be reduced until the 
bottle begins to descend. Eventually, these 
motions will disappear (due to the drag force 
applied by the water) and the bottle will 
come to rest at equilibrium. This happens so 
quickly that the bottle appears to be mov- 
ing up and down exactly with the waves. 

For larger objects, boats for example, the 
actual motion may be more apparent. We 
could treat a boat exactly like the bottle 
and simulate its up and down motion. As | 
suggested earlier, however, it is the angular 
rolling and pitching motion of the boat that 
is of real interest. To simulate these motions, 


Figure 1: A bottle sinks until it displaces an amount of water equal to its own 
weight, 
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SCREENSPLITTER 


A COMPLETE TV TEXT DISPLAY SYSTEM 


from 
icro Diversions, Inc. 
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L| 

lSCRÉENSPLITTEA fa a self-contained TV text displav system 
jp fer your microcomputer, It comes on a single, high-quality 
1 $-100 compatible board, complere with its unique Window 

4 Package software module. With rhe Window Package. you can 

6 logically segmenr SCREENSPLITTER's huge 40 x 86 display of 
upper-lower case characters into up to 50 independent 
"windows" of various sizes. (You get the idea from our ad: 
Each window has its own optional frame, cursor, figure- 
ground, and opeienal label, and each window serolls and 
auromarically formats its text independently of all the 
orhers. QUICK! There's some interesting information flash- 
ing by in WINDOW 1. Со read it? 
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I 

a tates Whoopal бит output routine seems to be 
Lia 149 having problems. Oh well, at least you 
got to see some of SCREEHSPLITTER'S 
selencific symbols. (You can order а 
&raphies character set optionally ) 
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And any character may be user-defined 
as a winking character. How? you ask. 
Simple:  SCREENSPLITTER uses a 2708 
reprogrammable memory as its character 
enérator. Turn on the character's 


wink" bit in the 2708, and presto! 


Frills, you say? No, thrills! Just take a look in the 
window up there ,J to see how SCREENSPLITTER purs these 
r&v materials to work in the onboard 1K Window Packagea 
(that back there — 1s the cursor character). 


PARTIAL 
== FUNCTION-- Boece POINTS OF INTEREST ---- 
SUMMARY 
INIT() € Entire hardware/software system on a 
. síngle, high-quality S-100 buss com- 
OPEN (Ы, X, Y, DX, DY) patible board. 
CLOSE (М) 
ө Drives а lO0mhz or better TV monitor 
FLASH(W) via standard 75 onm coaxial cable 
FRAME (W) (supplied). 
UNFRAME (Уу & 4K static RAM -21145's- display buffer 


LABEL (M, STRING) 
SCROLL (WN) 
CURSORCHAR (У, CHAR} 
CURSORPOS (W,%, Y) 
PRINT(M,STRING) 
PRINTCH(W,CHAR) 


tion with 4mhz CPU's. 


PLOT(W, X, Y, CHAR) 
MOVEWINDOWIW,X, Y) 


-------------. WHAT YOU GET -------------» 


Ф Complete SCREENSPLITTER Kit, with all IC's, low profile 
sockets, preprogrammed Window Package EPROM, assenbly 
instructions 
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(via 16 pin socket). 


€ Conorehensive Theory of Operation Manual 


в Complete source-code listing. and User's Manual for the 
Mindow Package 
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в € 90 dey warranty on parts and labor 
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a---------ORDERING INFORMATION---------» 


1. Tell us for which 8K boundary you would Like your Win- 
dow Package aasembled. 


A 


Tell us whether ycu want the scientific symbols, or 
rhe graphics characters in ASCII codes 0-31 Of your 
character generator. 


. Send us a personal check, Master Charge or BAC/VISA 
number and expiration date. Kir price is 5295. Aasem- 
bled, $385. (Virginia residents please add sales tax.) 
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. We will gend you the SCREENSPLITIER, postpaid (in the 


1 
1 
П 
t 
i 
t 
1 
1 
1 
1 
D 
D 
H 
П 
continental U.S.) from stock to 60 days. H 
п 


B ====== mmm mmm 
ы 


SRR ии Р ШЕР Р НР ee шш ши ee йш В О ШР ШР ЧИ ШР пша eee eee 


Circle 70 an inquiry card. 


is memory-mapped into your CPU's 
address space for fast, convenient 
access if you ever need to bypass the 


è User-selecrable wait state for opera- 


ө 1K onboard 2708 is jumper changeable 


BACKSPACE (W) to a 2K 2716 fer user extensions to 
CLEARLINE (М) the Window Package. 

CLEAR (H) ® Board presents one TTL load to host, 
BLANKLINE (W, COUNT) Hip ыр со 20 TTL loads via 
COMPLEMENT (W) 


€ Provisions for jumpering TV dara, sync, 
blanking off board for exrernal mixing 


The Wind 
ow Packa 
ge's aut 
o-format 
ter does 
n't care 
how ski 
any your 
windovs 
are (it 
"LL hack 
your te 
xt down 

to one с 
olumn if 
you can 
stand í 
[4] 
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X,Y, 4") 
a Chickens 


40 LINES 
86 CHARACTERS / LINE 


ONBOARD WINDOW SOFTWARE 
FOR CONTROLLING UP TO 50 
LOGICALLY INDEPENDENT WINDOWS 


--THE CARE AND FEEDING OF WINDOWS -- 


OX. You have just powered on. Initialize the Window Pack- 
age and turn on your first window: 


INIT() 

OPEN(CE,10,15,20, 30) 
Now, just to flex your bits, give — 1 
the user a wake-up Flash (a brief 
Cigure-ground reversal inside the 
window): 


window 1 


FLASH(1) 


Wow that you have his attention, go ahead and frame the 
window (you don't have to, of course): 
FRAME(CL) 

and, while you're at іс, label it, and ser che scroll line 
count: 

LABEL(l," "General 1/0") 

SCROLL(,.5) (i.e.. when the window 
fills up, pon it мр 5 
blank lines) 
lust to keep hin interested, switch the cursor character 
from the default caret ro the winking caret: 


CURSORCHAR(I, & > 


New that he's all excited, eyes bulging from rhe initial 
flash, transfixed by the hypnotic winking cursor, hit him 
with some text through window 1: 


PRINT(i,"I hate со tell you this, William, but 
last night the kids vired that chair 
you're sitting in with 110 volts AC.") 


Now (this'll really kill him), open a second window to 
the right: 
OPEN(2,10,50.5,203 


FRAME (2) 
LABEL(2,"Will's Will") 


and print out a second message through chis new window. 


PRINT(2,"Please type your last will and testament.") 


Now, of course, you echo his input through window 2, 
relying on the default scrolling of l-line "pop-up" when 
the window fills up. 
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And on, and on... 


-----------80ME APPLICATIONS-----------» 


1. You have а BASIC program. Open a number of windows, 
giving each important subroutine in the program irs 
own window. When your program runs, you get а two- 
dimensional feel of rhe flow of the execution - Flur- 
ries of activity here, brief flashes there. You can 
have the feeling of being able to converse with each 
subroutine individually! 


M 


. You have a page-oríented text editor. Pick up a para- 
graph here, a paragraph there, isolating each in irs 
own window while you rummage through the main rexr in 
its own large window. Using the MOVEWINDOW function, 
you can move blocks of text around to produce a final 
layout 


хә 


- You have an assembly language debugger. Allocate one 
window to the real-time clock, another ro che run-time 
clock, and several more to displav various registers 
in your 8080 ог 280. Then, you can keep the debugging 
information separate from your program's 1/0, with rhe 
debugging information continually presenc. 


£ 


. You have some fancy games. Give each player his own 
window and define seme "community windows." Let your 
imagination take over: 
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PS: Watch for cur full graphics board, also with irs on- 
board software... Coming soon’ 


Micro Diversions, Inc. 
7900 Westpark Drive, Suite 308 

Mc Lean, Virginia 22101 

(703) 827 - 0888 


DEALER INGUIRIES INVITED 
EVALUATION KITS AVAILABLE 


1 : 01; 4 
1 06:01:48 1 


BYTE February 1978 


a-TIME-= 


47 


GRAVITY 


| 


сб 


Figure 2: The distribution of the buoyant force determines the angular 
motion about the center of gravity. 
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we will need to know not just the total 
buoyant force, but also how it is distributed 
over the hull. The device shown in figure 2 
will illustrate a general technique for finding 
the distribution. 

You can think of this device as two bottles 
joined together with a stick or as the two 
hulls of a catamaran. Just as we calculated 
the buoyant force on the bottle in figure 1, 
we can calculate separate forces on each of 
these two bottles. The sum of the forces 
can be used to compute the vertical motion 
of one point on the device. This point is 
called the center of gravity (СС), The loca- 
tion of the center of gravity is critical. If 
you were to place the stick on a knife edge 
and find the point at which it balanced, 
this would be the center of gravity. It is the 
point on a body where the effect of gravity 
appears to be concentrated. Because the 
mass of an object is distributed throughout 
its volume, weight is a distributed force. 
By locating the center of gravity, however, 
we have a tool that transforms it into a dis- 
crete one. 

We could also define a center of buoy- 
ancy, the point at which the total buoyant 
force appears to act. Unfortunately, the 
location of this point can move significantly 
as the boat rises and sinks in the water. The 
center of gravity is also subject to some 
movement, such as when a passenger moves 
from the back to the front of the boat. Un- 
like the movement of the center of buoy- 
ancy, however, changes in the location of 
the center of gravity are not tied directly to 
the results of our simulation, the linear and 
angular motion of the boat. For this simula- 
tion, we will treat the center of gravity as 
stationary, and try to avoid dealing with 
the moving center of buoyancy. 

Since we cannot deal with buoyancy as 
simply as we do gravity, we will have to deal 


with the individual parts of a body more 
directly to find a general method of handling 
the distribution. In the case of the "cata- 
maran" in figure 2, this is fairly easy. First, 
we assume that the bottles are small when 
compared to the length of the stick. Next, 
we assume that the center of buoyancy of 
each bottle is at its center, no matter how 
it sits in the water. Now, as far as our simu- 
lation is concerned, the entire buoyant force 
on the bottle acts at a point which is at a 
known distance from the center of gravity. 
This makes no difference to the vertical 
degree of freedom, but it is the key which 
allows us to simulate the angular motion. 

Remember from the last article that a 
moment is the product of a force times 
a distance. In the current example, each 
bottle creates a moment equal to the buoy- 
ant force times the distance of the bottle 
from the center of gravity. Note that we 
define distances to the right as positive, and 
to the left as negative. Thus an upward force 
on the righthand bottle creates a positive 
(counterclockwise} moment. An upward 
force on the lefthand bottle creates a 
negative moment. In each simulation step, 
the moments are summed and then divided 
by the mament of inertia to find the change 
in angular speed each second. With this value, 
we can step the angular degree of freedam 
into the future, and return to compute new 
forces and moments. 

Now we must determine how the com- 
bined angular and linear motion can be used 
to compute the new buoyant force. The force 
is proportional to the volume of the bottle 
below the waterline. For a single bottle, it 
was computed from the position in the 
vertical degree of freedom, and the location 
of the water surface. With the two bottle 
device, the vertical degree of freedom tells 
us only the position of the center of gravity. 
We must use the angular degree to find the 
relative position of other points on the 
device. If there is a positive angular position, 
the device will be turned counterclockwise 
around the center of gravity. Consequently, 
the lefthand bottle will be lower than the 
center of gravity and the right one will be 
higher. The exact difference is calculated 
by multiplying the sine of the angular posi- 
tion by the distance of the bottle from the 
center of gravity. Again, note that points to 
the left have a negative distance from the 
center of gravity. Positive angular positions 
move them down. 

Let's illustrate this with an example. 
Suppose the vertical position of the center 
of gravity is 0.01 meters, and the angular 
position is 2 degrees (0.035 radians). A 
bottle 1.2 meters to the left would be at 


0.01 + SIN (0.035) * (-1.2) = – 0.32 meters 


in other words, about 3 centimeters below 
its equilibrium position. А bottle 1.2 meters 
to the right would be 


0.01 + SIN (0.035) * 1.22 0.052 meters high. 


The vertical position of any other point can 
be found similarly. 

Having found the positions of the bottles, 
we must now find the positions of the water 
surface at each bottle. These will come from 
a sine function modified by a representative 
wave height, period and length. The argu- 
ment of the function will be the sum of the 
current time divided by the period, and the 
bottle location (distance from the center 
of gravity) divided by the wave length, all 
multiplied by two т (to convert to radians). 
Once evaluated, the function is multiplied 
by one half the wave height (amplitude) to 
arrive at a final surface position. Using this 
scheme the surface varies with both time and 
location in a good approximation of sea 
waves. 

The data in table 1 can be used to con- 
tinue the example we began above. Let's 
place our two bottle catamaran in an inlet 
with 5 meter per second winds. We have 
determined that the water surface is given 
by the following formula. 


$ = HEIGHT/2 * SIN (6.28318*(TIME/ 
PERIOD * LOCATION/LENGTH) ) 


At TIME = 1.8 seconds, we would find that 
the water surface at the left bottle is 0.2/2* 
SIN(6.28318*(1.8/2*(1.2/5))-0.084 meters, 
just below the equilibrium position. At the 
right bottle, the surface is at 0.2/2*SIN 
(6.28318*(1.8/2+1.2/5))=0.077 meters, If 
we subtract the positions of the bottles from 
these values and add the 8 centimeter length 
of the bottles underwater at equilibrium, we 
will have calculated the length of each bottle 
below the surface at TIME = 1.8 seconds. 
For the left bottle this will be (-0.084) — 
(—0.032) + 0.08 = 0.28 meters. For the right 
bottle this will be 0.077 — 0.052 + 0,08 = 
0.105 meters. If the bottles are 4 centi- 
meters їп diameter, then the left one dis- 
places 0.04**2 * 3,14159/4 * 0.028 = 3.45 
* 10 —5 cubic meters and has a buoyant 
force of 9800 * 3.45 * 10 -5 = 0.345 new- 
tons. The moment it produces is 0.345 * 
(-1.2) = -0.414 newton meters. Similarly, 
the right bottle displaces 9.67 * 10 —5 cubic 
meters and produces a force of 0.948 new- 
tons and a moment of 1.14 newton meters. 
The sum of the forces, 1.293 newtons, is 
used to update the vertical degree of free- 


Figure 3: The continuous hull of a boat can be divided into a series of dis- 
crete segments or "bottles." X is the distance from the center of gravity to 
the center of the bottle. Y is the length of the bottle below the water line at 
equilibrium. Note that the symmetry about the CG enables us to describe the 


hull while only segmenting half of it. 


dom. The sum of the moments, 0.534 new- 
ton meters, is used to update the angular 
degree of freedom. Now we can compute 
new positions, forces, moments, etc, and 
begin the cycle again. 

Simulating the motion of a two bottle 
catamaran may not be very useful, but the 
technique is easily extended to real boats. 
Instead of thinking of the hull of your boat 
as a continuous surface, think of it as a 
collection of "bottles." Figure 3 shows a 
boat hull that has been divided in this 
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+0.05 
+0.15 
+0.25 
+0.35 
+0,45 
+0,55 
+0,65 
+0.75 
+0.85 
+0.95 


6503 MPU, Wear free "ActiveKeyboard", 


Micro-Diagnostic® Extensive documentation, FullySocketed. 


Piebug Monitor: Relative address calculator. Pointer High-low, 


User Subroutines, Back-step key. 


Cassette Interface: Load = Dump by file ғ, 


control, Positive indication of operation. 


Applications systems from $90 (IOunit quantity) 
Development systems from $149 (single unit) 
ТЕШ. ME MORE "juris sco tar myself that the 4700 18 The Answer, 


1 { ] Please send documentation 
and prico lists, Sin enelosed, —— games 


: [ 1 1 don't need documentation 

: Please send price lists, 

1 [ ] Please send FREE CATALOG, 
Н city: 


A ELECTRONICS | DEPT? -B » 1020 W. Wilshire Blvd. = Oklahoma City, DX 73116 1405] 843-9828: 
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Listing 1: This program simulates the vertical and angular motion of a boat in 
response to sea waves. Because it involves a lengthy summation, it is inherently 
slow. f have, therefore, used only the second order predictor corrector formu- 
las, and have employed a large step size. Readers who want more accuracy 
апа who can afford to wait for results should implement the fourth order 
equations presented in my previous article on automotive applications 
(December 1977 BYTE, page 112). They should also increase the number of 
"bottles" used to describe the hull, and decrease the step size. 

ft should also be noted that the program does not simulate the viscous 
damping action of the water. As a result, if you are unfortunate enough to 
specify a resonant frequency of the hull as the wave period, the boat will 
appear to leap out of the water. While this result is obviously erroneous, 


manner. [he hull can now be described by 
a table of Xs and Ys. The Xs represent the 
distances from the center of gravity to the 
center of each bottle. The Ys represent the 
lengths of each bottle below the waterline 
at equilibrium. Now, instead of making a 
series of calculations for one or two bottles, 
we make them for many. Just as before, the 
sum of the forces influences the vertical 
motion of the center of gravity, and the 
sum of the moments influences the angular 
motion around the center of gravity. 


it will highlight a design to be avoided. 


We now have an effective method for 
dealing with distributed forces. We simply 


100 REM SHEP MOTION SIMULATION pn divide the area over which the force acts 
111 REM X IS DISTANCE FROM CG TO CENTER OF BOTTLE into small segments. Within each segment, 
112 REN Y dg LENGTH OF BOTTLE BELOW WATER АТ EQUILIBRIUM we neglect the distribution and calculate a 
148 DATA 6.85,0.5,0.15,8.49,0, 25,0. 47,0, 35,0. 45,0, 45, 0. 42 discrete force and moment. Finally, we 
199 READ KOI YOD effects on the linear and angular speeds. 
198 REM SET BUOYANCY FACTOR} “BOTTLE AREA" *DENSITY#9. 3 | have included a BASIC program with 
200 B=8.6141.0349.e | this article to illustrate the technique as 
209 REM COMPUTE МАЅЅСМ) & MOMENT OF INERTIA OF CROSS SECTION lied . le. With 
218 М=В applied to our boating example. Wit the 
211 1-8 data supplied, it computes the rolling 
212 FOR Jx1 TO 10 . А : 
214 M18 2 SY CD motion of the hull cross section pictured 
zH + А a . А А 
1B IaIMIXCDA2 in figure 3. Boating enthusiasts will be able 
228 MEXT J to insert some other hull cross sections (deep 
230 REM SET SER STATE: НЕТСНТСН>, Г ЕНЬТНС1 >, PERIODCP) мее, trihull etc) in the data statements and 
=@. E ! 
250 ay compare the response to the sample sea 
270 REN INITIALIZE INTEGRATION VARIABLES states. If lateral (side to side) sections are 
288 DATA B,8,0,8,0,0,0,0,0,0, 0,8, 0,0 11 si i 
298 READ 2,21, U, Ul AAL RRI OOl CCIT used, the program will simulate rolling 
ЗВ REN INITIALIZE STEP SIZE AND BRINT’ INTERUAL motion. If longitudinal (fore and aft) sec- 
218 Р=й.1 tions are used, the program will compute 
i PRINT “TIRE ЕС) VERTICAL FUSITICHEM, ANGULAR POSITIGN(DEG pitching motions. Interested readers should 
12 "TIME: SEC С ÜSITIOH:^ A SITIG ›" А 
130 PER SUN FORCES ONG MOMENTS бн THE "BATTLES" be able to extend the program to include 
io GOSUB & . | . 
S45 PER ЕВ VERTICAL MOTION three dimensional boat models and simulate 
346 REM ALU? ARE ACCELERATION. SPEED. ANC POSITION both angular motions simultaneously. 
350 НҮН | With the inclusion of techniques for 
rO 2=21+р%01 andling distributed forces and combined 
375 REM PREDICT ANGULAR MOTION | 8 Ми . 
376 БЕМ С.Р ARE ACCELERATION, SPEED, AND POSITION angular and linear motion, your collection 
Bg she’ + + a Й 
390 СТВІ of software tools for simulating motion is 
158 RRI ADOL FORCES AND MOMENTS FOP CORRECT fairly complete. When using these tools on a 
$ M IULAS 
110 КЕМ, OPRCES АНС MOM 0 OR FORMULAS personal computer, you should try above all 
420 тетер сов to limit the scope of your simulations. 
445 REM CORRECT UERTICAL MOTION Determine which motions really interest you 
458 КУЛАТ and neglect or restrict the others. Divide the 
= J » + a 
470 Z-214072$ (09015 simulation into degrees of freedom, pref- 
475 REN CORRECT AHGULAR MOTION erably three or less if your program is to 
498 0=0150/21‹С9С1) execute with reasonable speed. Compute 
5 =R +D- *01» are 
Soe REM PREPARE FOR NEXT STEP each force and moment individually, then 
218 uz) apportion and sum them within the degrees 
530 1-6 of freedom. Finally, step the velocity and 
249 RIR gL THEN 240 the position into the future. Use a small 
560 PRINT T,2,R357,296 step size in your early runs, 0.01 seconds or 
378 IF pt0 THEM 348 less. Increase it to save run time only as long 
500 REM CALCULATE AND SUM FORCES AND MOMENTS ON "BOTTLES" as your results do not change significantly. 
630 G0 Following this procedure, and using the 
668 FOR J=! TO 18 B i - 
665 REM POSITIVE HALF OF HULL IS GIVEN ASIC programming examples | have pro 
CI INNO PH OE BYTER E vided as а gulde, уон shoul be abe to find 
SES MeH/OXSIM(G Sa BECT OP ex CD Eo. SURF A some interesting new applications for your 
669 W1zYCJD-Z-SINCGRO EXC MH personal computer. 
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Listing 1, continued: 


672 Ft-BtHI 
73 GIzECJD £F] 


670 IF N158 THEN 672 
WH1-8 


6?з REM MIRROR IMAGE GIVES NEGATIVE HALF 


678 WeH/2tSINCS. 283181 CT/P-E€ JD "L2 


679 WH1zYCJO-Z*S INCRO ACAD 4M 
68@ IF "ai THEH 682 


681 НІ= 

682 F2*-BtH1 

70B G2z-XCJO$F2 
718 ЕзЕ+Е1+Е2 
720 G=G+G1+G2 


738 NEXT J 

748 RETURN 

750 ERD 

TIMECSEC? VERTICAL POSITIOHcHM? | 4HGULAR POSITIONCDEG> 
0,1 T D0147774275237 9.579343661886 
0.2 0.008342560£9386  2.140443017?2 
a.3 0.09240789132748 4. 23593621533 
0.4 0. 0488239037315 ‚19033468235 
6.53 6.67298:295v7127 Гг, 3031899 

б. Ё 0. 1079976535? T. 0105137477 
ü? 0. 127464593145 5.025180941752 
0,8 0. 130129340753 1.41142156817 
0.9 9.1189743038566 ~3. 48279261698 
H 8.0695560412445 . -8.66151308825 
1.1 К К СЫ 415 -13.4109553239 
1.2 -0.0562528427092 -16.6916991863 
1.3 -0. 12088364895 -17.7238637849 
1.4 -Ẹ. 169479381978 16. 0583471104 
1.5 -0.192813619278 . -11.6821229305 
1.6 -0. 156456211609% ~5. 06270420258 
1.7 -0.150354633224 2,89082493865 
1.® -8.8917208528104  10.5686349622 
1.9 -ü.8206887363375 17,8818895739 
2 Q. 0503241234733 22.5634234899 m 
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YOU DIDN T KNOW! 


OAE'S new PP-2708/16 

PROM Programmer is the 

only programmer with all 

these features: 

kr a PROM memory 
socket to a table top pro- 
grammer: No complex inter- 
facing to wire —just plug it 
into a 2708 memory socket* 

ә A short subroutine sends 
data over the address lines 
to program the PRO 

ë Programs 2 PROMS US? less 
than the cost of a personal- 
ity module. (2708s and TMS 
27168) 

e Connect 2 or more in paral- 

— super for production 

programming 

е Complete with DC to DC 
switching invertor and 10 


раге Pending 


turn cermet trimmers (for 
precision pulse widlh and 
amplitude alignment) 
e All packaged in a handsome 
aluminum case 
PP-2708/16 ..A & T $295. 
KIT $245. 
PP-2716 VER Intel’s 
2716) & T $295. 
кт $245. 


Oliver Advanced Engineering, Inc. 
676 West Wil&on Avenue 
Glendale, Calif. 91203 
(213) 240-0080 


IHE COMPUTER AGE FOR THE 
SMALL BUSINESS HAS ARRIVED! 


The Computer Mart is offering the first complete line of off-the-shelf professional business software! 


APPLICATIONS INCLUDE: 


* General Ledger— Daily Journal, Balance Sheet. Income State- 
ment, G/L Report. 

* Accounts Receivable— Daily Journal, Aged Receivables, Sales 
Journal, Statements, Customer Listing, Cash Receipts 

* Accounts Payable—Daily Journal, Open Payable. Vendor 
Checks, Check Register, Cash Disbursements 

e Payroll —Payroll Register, Quarter/Year-to-Dale, Checks 
941's, W-2's. 

* Solar Energy Analysis—analysis ol feasibility of solar energy 

е Mail-Label—add, delete and change functions. full sorting and 
letter writing capability 


COMING SOON! 


* Project Control Accounling—provides logistic control and 
financial accounting o! projecis undertaken by the organization 

• Educalional Performance Evaluation—a system to store and 
analyze sludent performance for any course which utilizes tests. 
quizzes and homework lor grades 

* Medica! Billing & Scheduling—clinical accounts receivable 
package 

e Point of Sale Inventory Controi—full inventory control fram point 
of sale. 

* Micro Intormation Retrieval—sophisiicated. system lor record 
access and manipulation 

* Time (при Processor—stand-alone system for processing 
lime cards 

* Word Processor—full function, CRT display, editing 
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We will not be undersold by any company with natlonally ad- 
vertised prices on any of the following hardware: 


IMSAI 

DIGITAL GROUP 
CROMEMCO 
PROCESSOR TECH 
NORTH STAR NATIONAL MULTIPLEX 
VECTOR TELETYPE 

TDL DECWRITERS 

LEAR SIEGLER GRI 

ICOM ALPHA MICRO 

SWTP MICRO-TERM 

SEALS INTEGRAL DATA 

IMS 


SOLID STATE MUSIC 
SD SALES 
HEURISTICS 

DATA GENERAL 


Call for the lowest quote! 
(TDL Software interfaced to North Star Disk.) 


RICK INATOME — Gomnputer (Wart 


1800 W. 14 Mile - Royal Oak, Michigan 48073 - (343) 576-0900 


OPENING SOON 


420 Park Ave. W. 
Chatham, Ontario 
(519) 354-2840 


Dearborn Hgls., 
Michigan 


Windsor, Ontario 
Canada 
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Photo 1: A general view of the authors’ light pen and interface circuit. The 
pen itself was made from a fairly standard marking pen with a photo diode 
mounted at the tip. A length of shielded cable runs from the diode through 
the pen body to the miniature phone connector which plugs into the jack on 
the circuit board. 


Add a $3 Light Pen to Your Video Display 


BYTE February 1978 


John Webster and John Young 
University of New Brunswick 
Audio Visual Services 
Kierstead Hall 

Fredricton, New Brunswick 
CANADA E3B 5A3 


The use of a light pen can greatly facili- 
tate entry of display characters on your 
video display. The layout of complex game 
boards, charts and graphs, or character 
editing can be accomplished more quickly 
and easily if you have the ability to add or 
delete characters anywhere on the screen 
without first having to position the cursor. 
This article describes the design and con- 
struction of a very inexpensive light pen and 
driver program to accomplish this function 
with a Processor Technolagy VDM-1. 


The Circuit 


Figure 1 shows the light pen circuit 
that can be constructed for well under three 
dollars. When used with a VOM-1 it requires 
no additional IO ports. Component layout 
of the circuit is noncritical. The authors’ 
prototype was assembled on a small piece 
of perforated board and attached te the 
VDM-1 board. It could be mounted any- 
where in the computer or keyboard en- 
closure. A four foot shielded cable con- 
nects the photo diode to the other 
components through an optional jack. 

Any discarded ball point or feit tip pen 
may be used to house the diode. Alter- 
natively it may be attached to the end of the 
cable with heat shrink tubing. The smaller 
the diameter of your light pen body, the 
easier it will be to use. 

Any surplus quality photo diode may be 
used as a pickup. If the diode is of the type 


The acclaimed Equinox 100® mainframe kit ($799) is now 
a complete S-100 system. 

Because now there is an Equinox 100® |/О interface kit 
($120) that handles the hard work of interfacing all your 
peripherals. 

And Equinox 100% 4K memory kits ($109). Assembled 8K 
memory boards ($188). EQU/ATE™ editor/assembler and 
BASIC-EQ® software on cassettes. 

It all goes together. It all works together. It's all together 
now at special system prices. 

See The Equinox System® at your local computer shop. 
Call toll-free to 800-648-5311. BAC/MC accepted. Or write 
Equinox Division, Parasitic Engineering, P.O. Box 6314, 
Albany California 94706. 


THE EQUINOX SYSTEM@ When you put it together, it's really together. 
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SHIELDED | 
PHOTO 

CABLE AND . 6 ras 
DIODE И БАЕ АШ +зу (FROM уйМ-1) 


OUTPUT 
TO SINGLE BIT 
[o COMPUTER INPUT 


ECGI23A 
OR EQIVALENT 


GNO (FROM VDM-1} 


Figure 1: This fairly simple circuit transforms light from the video monitor 
output into a TTL signal which can be monitored by a program such as that 
shown in figure 2 and listing 1. A typical oscilloscope waveform of the out- 
put is shown in the figure. 


mounted in a plastic lens, a fine file and 
emery cloth may be used to flatten the end 
and provide a narrower angle of acceptance. 

When you have constructed the circuit, 
use an oscilloscope to monitor the output 
as you pass the pen across a television 
screen. A white area should produce àn out- 
put as shown in figure one. A dark area 
should produce a 5 VDC level. Sensitivity 
can be adjusted by using the brightness and 
contrast controls on your television. 

Once you have a satisfactory output, the 
circuit may be wired to the VDM-1. The 
output of the circuit is connected to pin 14 
of 1С39 on the VDM-1 board. This is an 
input to a spare three state buffer on the 
status port. 

Then connect pin 13 of 1C39 to pin 9 of 
1C39, This hooks the output of the three 
state buffer to data bit DI7. The output 
signal from the light pen will now appear 
on DI7 when an input from status port C8 
is performed. 


Program Design 


The light pen circuit will produce a nega- 
tive output whenever a white screen area is 
sensed. This condition may be used by 
appropriate software to locate the pen's 
position on the 16 by 64 grid of the VDM- 
1's display. 

First, the top line of screen information is 
stored away and white cursors are written 


into all 64 positions of this line. The display 
is then scrolled so that this first line appears 
at the bottom of the screen and the rest of 
the screen is blanked. This is done by out- 
putting hexadecimal FO to the VDM.I's 
status port (hexadecimal C8). 

The display is then scrolled upward one 
line at a time until an output from the pen 
is sensed indicating the proper line. Each 
time the value output to the status port is 
modified to scroll up one line, the status 
port value is also saved on the stack. As soon 
as the proper line is located, this status word 
is retrieved and decoded to find the actual 
unscrolled beginning of line address of the 
line the light pen is on. This decoding is 
achieved through a puzzling series of left. 
rotations and additions in the BINGO 
section of the program. The resultant be- 
ginning of line address is then stored at 
locations hexadecimal ED and EH for future 
reference. 

Black is now written over the white 
line, position by position, until the output 
from the light pen disappears indicating the 
location of the pen. The value in register L 
now indicates the displacement from the 
beginning of the line. The values in hexa- 
decimal ED and EE are then recalled and L 
is added to the low order byte to produce 
the final H and L values for the light pen 
position. The information stored from the 
first line is returned to the screen and data 


Now, Artec has 


an expandable elephant 
775%. for everyone! 


8K -32K of static RAM memory. Fully assembled or in kit form. 


No matter what your needs, Artec has a 
memory board for you. You can start with 8K 
of TI 4044 memory on a 5.3" x 10" card and 
work your way up to a full 32K in 8K 
increments. The access time is only 250ns. 
The memory is addressable in 4K blocks 
and is perfect for S100 and battery aug- 
mented systems. The Artec 32K Expand- 
able Memory has four regulator positions, 
bank select and plenty of room for all 
necessary support hardware. it uses less 
than 1 amp per 8K of memory (3.9 for 32K), 
and only +8 volts. 


For five years Artec grom mapship and 
reliability has been proven in tough industrial 
use. Now, you too can enjoy breadboards 
and memories that will work time after time. 
Send for an Artec board, your order will be 
sent the same day as received. 


Kit: Board & Fully Assembled Board: 
BK of maemory—$ 290.00 BK—$ 440.00 
BK add on kits—$ 255.00 16K—$ 695.00 
Full 32K board—$1,055.00 24K—$ 1,100.00 
32K—$1,205.00 


Circle 6 on inquiry card. 


GP100—$20.00 
Maximum design 
versatility along with 
standard address 
decoding and buffer- 
ing for S100 sys- 
tems. Room for 32 
uncommitted 16 pin 
IC's, 5 bus buffer & 
decoding chips, 1 
DIP address select 
Switch, a 5 volt reg- 
ulator and more. High 
quality FR4 epoxy. 
All holes plated 
through. Heflowed 
solder circuitry. 


WW100—5$20.00 

А wire wrap bread- 
board, similar to the 
GP100. Allows wire 
wrap of all sizes of 
sockets in any sizes 
of sockets in any com- 
bination. An extra 
regulator position for multiple voltage appli- 
cations. Contact finger pads arranged 
for easy pin insertion. 


Buffering Kit—$12.65 

All the necessary components to bootstrap 
any Artec board into your system. Buffering 
НО, DIP switch heat sinks and every support 
chip you need. 


"emm — 


каша иш TUTTI TUN 


TO ORDER: Use your Mastercharge or 
BankAmericard. Or just send along a money 
order. We can accept only U.S. currency. 
Please include $3 handling on all orders. 
California residents add 6.0% sales tax. 


FOR MORE INFORMATION: For more in- 
formation about these or any of Artec's com- 
plete line of circuit boards or for either indus- 
tríal or personal use, please call or write. А 
catalog will gladly be sent. 


i Please send me: (Include Quantity) 
| —— 32K . .GP100 .  WWI100 
- [1 I've enclosed a money order. 


L1 Mastercharge No. 


І 

1 

1 

І 

[| 

t 

і 

Ехр. Оаіе l 

| O BankAmericard No. wx 
i Exp. Date l 
| Мата І 
! 

i Address 1 
l City — — State Zip i 
1 Calif. Res.add 6% Sales Tax — $3.00 Handling Enci. n 


10% discount for students & computer club members. 


ARTCC ELECTRONICS, INC. 


605 Old County Ad.,San Carios, CA 94070 
(415) 592-2740 
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START 


MOVE: 

STORE & WRITE 
WHITE ON 
FIRST LINE 


DEC:SUBTRACT 
IOH FROM 
SCROLLING 
STATUS WORD 


| CHEK CHECK | 
| PEN STATUS 
F 


OR 
l 17560 sec. | 
t. 


INCREMENT 
TO NEXT 
POSITION 


DECODE L 


RESTORE 
FIRST LINE 


INPUT 
CHARACTER 
TO SCREEN 


Figure 2: The general design of a cursor control algorithm for use with the 
light pen. The authors’ version was used with the Processor Technology 
VDM-7, but a similar procedure should be achievable with other video 
generators. 


56 ВҮТЕ February 1978 


Photo 2: Detail of the light pen interface, 
as constructed on Vero perforated board 
(a product which contains pre-etched copper 
runs to which components can be soldered). 
The three wires leaving at right go to the 
processor input, power and ground; the light 
pen input is through a miniature phone 
connector at left, 


from the keyboard is moved to the light 
pen position on the screen. The program 
then returns to the initialization section 
and waits for a new character. 

If speed of operation is more important 
than program length a more sophisticated 
binary search procedure may be used once 
the proper line is found. If half the line is 
written over with black before the output 
of the pen is checked then half the line may 
be eliminated with only one check. Six 
such checks will cover all 64 possible posi- 
tions on the line. 

Delay loops of at least 1/60 second must 
be incorporated into each check to insure 
that the scan lines at the pen location are 
actually being written to during the check. 


Using the Light Pen 


With the LIGHT program running, the 
computer waits for a keyboard entry and 
then scrolls the screen and begins its search. 
If it finds that the pen is not on the screen 
it exits to the location stored at hexadecimal 
addresses 35 and 36. 

If the pen is on the screen its location is 
found and the data from the original key- 
board entry is entered at that location. The 
program then returns to INIT, restores the 
screen to its unscrolled format, and waits 
for another keyboard entry. 

In addition to facilitating the arrange- 
ment of complex displays or pictures, the 
light pen may be incorporated into any 
number of games (like tic-tac-toe) or utility 
programs. Editing of memory dumps, for 
example, can easily be accomplished by 
moving a block of memory to the screen, 
modifying it with the light pen, and then 
moving it back. 


Is your career growing 
as fast as ours? 


NET SALES 254 7 
i Millions ot Dollars? 


1973 1974 1975 1976 1977 


(1977 Fiscal Year) 


New Products Engineers 
(Analog and Digital) 

Your responsibilities will in- 
clude new product introduction 
of state-of-the-art processors, 
peripherals and controllers to 
our Systems Integration Divi- 
sion. À BSEE degree or the 
equivalent is required with a 
minimum of 3 or more years of 
related experience. 


Diagnostic Programmers 
You will design. code and 
debug assembler language 
programs for fault isolation, to 
the chip level, in digital sys- 
tems. You will also write func- 
tional level system exercisers 
for stand-alone and disc-based 
real-time operating systems. 
A technical degree or the equiv- 
alent experience is needed, 
together with a thorough under- 
standing of digital system 
hardware. Hardware trouble- 
shooting experience and 3 or 
more years' programming 
experience. preferably in 
diagnostics is very desirable, 
especially with strong assembly 
language skills. 


To apply for one of the 


above positions mail your 
resume to Tom Aldrich. 


Test Engineers 

You wil! be responsible for 
PCB test engineering support 
for digital products such as 
CPU's, memories and options. 
Experience is required in 
solving engineering problems 
as they relate to test equipment, 
diagnostics. test philosophy 
and component fault isolation. 
You will also initiate and imple- 
ment improvements to the 
testing process and equipment, 
and provide coordination for 
the introduction of new prod- 
ucts into production. A BSEE 
degree and two or more years' 
experience in PCB test or 
Test Equipment Design. 


Manufacturing 
Engineers 

You will be responsible for 
providing floor support in the 
PCB assembly area. A BSME, 
BSIE or the equivalent with 
3years' experience in Manufac- 
turing Engineering is required. 
A knowledge of auto-insertion 
equipment assembly technique 
and soldering equipment is 
helpful. 


To apply for one of the 


above positions mail your 
resume to Rene Santini. 


(In Dollars) 


EARNINGS PER SHARE 
2.88 


1973 1974 1975 1976 1977 


‘Adjusted to reflect a 3-for-1 stock split eifectedin the 
form of a 200% stock dividend declared in February 1973 


Senior Systems 
Technicians 

This position requires at 
least 3 years' experience, mini- 
mum, and an ASEE degree or 
its equivalent. Your background 
should include familiarity with 
CPU memory, moving head 
disks and related peripherals. 


Special Systems 
Technicians 

You will be working closely 
with the Special Systems Engi- 
neering Department in the 
design of non-standard com- 
puter products. À minimum of 
3 years' experience and an 
ASEE degree or its equivalent 
is necessary. 


To apply for one of the 


above positions mail your 
resume to John Prendergast. 


Data General Corporation, 
Route 9, Southboro, MÀ 
01772. Data General is an 
equal opportunity employer, 
M/F. 


6 DataGeneral 
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Address Hex Code 


0000 31 FG 00 
юз 21 оо сс 
о 


è 


8 


88 


S8H6885 5S8 388989898 Б 
8 


кВ SH 8 


явя & 
8 е 8 


5 
® 


8 88 


5 8 SB 8 
as 


5 8 6 gus 
88 888 8 8 = 28 


0BüdJESDSESZBHSSESUERZSSBEDEBRESRISDNENSESSESBBSESSESEDBDSOESESESESEROBSSdGNESUIdIBREEEBSEBBESHOSHEHRZ E 
gBBSBESBH 


8 8 
8 8 


Line Statement 
fae INIT LXI 5P,0FGI 


3 IXI B,OAD4UH 


0008 ANI O10H 


0039 XHA A 
O0 DCX B 
0041 OP В 
0042 JNZ ІМРОТ 
0043 POP PSW 
O44 POPE 
0045 MP DEC 
0046 BINGO LXI H, OCCOOH 
0047 PSH 
0048 ANI OCOH 
0019 ВС 

0050 ЫС 

0051 ADD Н 
0052 MOV H,A 
0053 DCX SP 
0054 СХ SP 
0055 POP PSW 
0056 ANI ОЗОН 
0057 RLC 

0058 RLC 

59 ADD L 
0060 MOV L,À 
0061 SHLD ОН 
0082 LXI H,OCCOOH 
0063 TOP B 
0064 CHEK MVI А,0201 
0065 MOV M,A 
0066 MVI В,ОЛОН 
0067 ХПА A 
0068 ICL DCR B 
0068 (MPH 
0070 JNZ BCL 


Cammentary 


H,L to first screen position 

load B with white cursor, 

load C with length of line to be stored 
first 'store to' address 

zero uccumulator 

init screen to unserolled formt 
ILS for key pressed 


store and write white 


value for and blanking 


scroll up lime by line 


pen not on screen, resel status рабі 
getting ready to restore line one 
to restore first line 


exit from LIGHT if Line not found 
store and write white routine 


delay value 

test output from light-pen 
foumd line 

j keep checking for 1/80 sec. 


try next line 
decoding routine to find actual 
line starting address 


store beginning of line address 


to bunlunce stack 
black square 

to screen 

delay value 


‘check delay! value 


check for output fram light pen 


not Lhis square, rry next 


decode to find actual value of L 


restore information to first Line 


input data 
move data ie screen 


Listing 1: An 8080 program, hand assembled, to implement the flow chart 
of figure 2. Address constants and 10 port assignments are given for the 


authors' system. 
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RatediG. 


Great Locations 


Computerland 


Now Open: 


3020 University Drive МАМ 
Huntsville, AL 35805 


6743 Dublin Blvd. 
Dublin, CA 94566 


41074 San Pablo Avenue 
El Certo, CA 94530 


22634 Foothill Blvd. 
Hayward, СА 94542 


6840 La Srey t Bivd 
Inglewood, CA 90302 


24001 Via Fabncante, *904 
Mission Viejo, CÀ 92630 


4233 Convoy Street 
Son Diego, CA 92141 


447 Fremont Sireet 
San Francisco, CA 94105 


42-42nd Avenue 
San Mateo, CA 94403 


474 E Thousand Оске Віма 
Thousand Oaks, CA 94380 


104 W First Street 
Tustin, CA 92680 


2422 5o. Colorado Вма 
Denver, CO 80222 


2475 Black Rock pee 
Fourfietd, CT 06430 


ills cien e he pg Center 


bisce DE om 


Cumberland Square North 
Cobb Parkway [Route 41] 
Atlonta, GA 


50 East Rand Road 
Arhngton Heights, IL 60004 


9541 No. Milwoukee Avenue 
Niles, IL 50648 


10935 5 Cicero Avenue 
Oak Lawn, IL 60453 


813-B Lyndon Lane 
Louisville, KY 40222 


46065 Frederick Road (Rt 355) 
Rockville, MD 20855 


2927-28th Street SE 
Kentwood, MI 49508 


29673 Northwestem Hwy 
Southfield, MI 48034 


449 Amherst Street SIRE 10-A) 
Nashua, NH 03060 


2 De Hort Street 


(205) 539-1200 
(415) 828-8090 
(415) 233-8010 
(445) 538-8080 
(213] 776-8080 
(744) 770-0434 
[MA] 561 -9942 
(415) 546-1592 
(445) 572-8080 
(805) 495-3554 
[744] 544-0542 
(303) 759-4685 


(203) 374-2227 


(302) 738-9656 


[312 255-6488 
(312) 987-4714 
(312) 422-808 
(502] 425-8308 
(304) 948-7676 
(616) 942-2934 
(343) 356-81" 


(603) 889-5238 


Momstown, NJ 17960 [204] 539-4077 
1612 Niagara Falls Blvd. 

Buffalo, NY 14150 (746) 836-659 
225 Eimra Road 

Ithaca, NY 44850 (607] 277-4888 
1288 SOM Center Rood 

Cleveland, ОН 44124 [246] 464-4200 
3300 Anderson Lone 

Austin, TX 78757 (512) 452-5701 
6439 Weslheimer 

Houston, TX 77057 [743) 977-0909/0940 
4500 South 336th Street 

Parkway Center, Suite 12 

Federal Way WA 98003 [206] 838-9363 
52-58 Clarence Street 

Sydney, NSW Australia NSW 2000 29-3753 


Franchises Available: 
Computeriand Corp. 
es Republic Ave. 


an Leandro, CA 94577 
ТА 895-9363 


Circle 24 on inquiry card. 


The Best Game in Town. 


Welcome to ComputerLand. 
Ап incredible adventure into 
the world of personal 
computers. A one-of-a-kind 
shopping experlence. 


Each ComputerLand store 
presents everything you ever 
wanted to know about 
computers. And then some. 


Take our Game Room, for 
starters. You'll find excitement 
for the whole family In our 
endless variety of challenging 
computer games. You can battle the Klingons in an 
out-of-this-world game of StarTrek. Create an elec- 
tronic work of art with a computer controlled TV. Test 
your skill in a game of computerized hangman. 


You can even plot your biorhythm. 


But we're more than just fun and games. im 
Each ComputerLand store offers a 


knowledgeable and person- 


able staff of professionals 
er | 


To serve you. 


Plus ihe greatest avail- 
able selection of micro components. Whether it’s a data 
processing system for your business or a computer controlled 
sprinkler system for your home, you'll find whatever you need 
at ComputerLand. 


Read on. 
Genuine Service. 


We want to supply 
you with the one 
system that's right. 
Rather than a com- 
plete system that isn't. 
Or a lirnited system 
that is. 


That's why, at Com- 
puterLand, you deal 
with real professionals 
who are also real 
people. People who 
speak your language 
‚т addition to BASIC, COBOL or FORTRAN. 


People, in short, who can offer both the novice and 
the old hand the same expert guidance in selecting 
the optimum system he or she needs. 


Yet, assisting in the purchase is only the beginning of 
ComputerLand's service. If the kit you bought requires a 
littie more do-it-yourself than you yourself can do, we 
provide assembly assistance. 


if that complex program proves to be just that, we provide 
programming assistance. 


Circle 24 on inquiry card. 


And if your system breaks down, 
our in-store service department 
will get you back up and 
running. 


Right now! 
Great Selection. 


Your first stop at ComputerLand 
may well be your last stop. 


ComputerLand offers the finest 
quality and 


jo 


м 


largest selec- 
tion of all the 
major brand names. 
Like Apple Computer, 

Cromemco, DEC, Diablo, 
Hazeltine, ICOM. IMSAI, Lear Siegler, 

National Semiconductor, North Star, Texas 
Instruments, Vector Graphics and more. 


Plus a complete inventory of fools, books and accessories. 


What's more, at ComputerLand, we deal in product. Not 

promises. Our inventory is on our own shelves. Rather than the 
manufacturer's. So you can take delivery on tomorrow's com- 
ponents today, 


Which means, 
simply put, that at 
ComputerLand, you 
get exactly what 
you want. 


Exactly when you 
want if. 


Be Our Guest. 


Begin with the 
grand tour of our 
exhibit areas. "'Test- 
drive" any of our Е 
individual systems. 


Then tell us your needs. We'll sit down and talk about the system 
that's right for you. It's as easy as that at ComputerLand. 


The great computer store. RATED С. 


Call or write forthe address ofthe ComputerLand store nearest you. 
Franchise opportunities available. 


Computerland 


1922 Republic Avenue, San Leandro, CA 94577 (415) 895-9363 


BYTE February 1928. 59 


Our MacroFloppy 
goes twice the distance. 


Introducing the Micropolis MacroFloppy™:1041 and :1042 disk drive sub- 

systems. For the $-100/8080/7-80 bus. Packing 100% more capacity into a 

54-inch floppy disk than anyone else. 143K bytes, to be exact. For as little 
| LA as $695. 


The MacroFloppy:1041 comes with the Micropolis Mod | floppy packaged 
inside a protective enclosure (without power supply). And includes an S-100 
controller, Interconnect cable. Micropolis BASIC User's Manual. A diskette con- 
Р taining Micropolis BASIC, and а compatible DOS with assembler апа editor 
The -1041 is even designed to be used either on your desk top, or to be inte- 
grated right into your S-100 chassis. _ | 

The MacroFloppy:1042 comes with everything the :1041 has, and more. 

Such as d.c. regulators, its own line voltage power supply, and, to top it off, 
a striking cover Making it look right at home just about anywhere. _ 

Both MacroFloppy systems are fully assembled, tested, burned-in, and 
tested again. For zero start-up pain, and long term reliability Theyre also 
backed up by our famous Micropolis factory warranty. 

And both systems are priced just right. $695 for the MacroFloppy:1041 
and $795 for the MacroFloppy-1042 

You really couldn't ask for anything more 

At Micropolis, we have more bytes in store for you. | 

For a descriptive brochure, in the 1.5. call or write Micropolis 
Corporation, 7959 Deering Avenue, Canoga Park, Califomia 91304 Phone 
(213) 703-1121. 

Or better yet, see your local dealer. 
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Letter from the Publisher 


We would like to thank our readers for the essential part they have played in the growth of 
BYTE. From its inception in September of 1975, BYTE has experienced colossal growth to a 
circulation of over 110,000. 


And we are still growing. We have been doing everything we could to provide good service 
to the subscriber and have been suceeding, we believe, quite well. With such rapid growth and 
expansion, however, there is always the chance that not all things will move as efficiently as 
they should, and to some degree this has been the case with service to our subscribers. 


BYTE first handled its own subscription fulfillment, and it became apparent rather quickly 
that, with all the other procedures and duties performed to bring the reader a fine monthly 
publication, to continue handling subscription service in-house exceeded the bounds of practi- 
cality. As soon as was possible we employed a fulfillment service bureau to handle the bur- 
geoning roster of subscribers. In retrospect, it seems that no sooner did the new service take 
over our file than we outgrew them. As the size of the list and volume of orders became too 
great for us to handle in-house, so did the same happen with our newly adopted service bureau. 


Solution? 
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MetaFloppy goes 


The Micropolis MetaFloppy™ gives you more than four times the capacity of 


anyone else's 5%-inch floppy. Because it uses 77 tracks instead of the usual 35 
The field-proven MetaFloppy, with thousands of units delivered, comes 
in a complete family of models. And, like our MacroFloppy™ family of disk 
drives, MetaFloppy is designed for the S-100/8080/2-80 bus. ! © 


For maximum capacity choose our new MetaFloppy:1054 system Which 
actually provides you with more than a million bytes of reliable on-line stor- 
age For less money than you'd believe possible. 

The MetaFioppy:1054 comes complete with four drives in dual config- 
uration. A controller Power supply. Chassis. Enclosure. All cabling. A new BASIC Р 
software package. And a DOS with assembler and editor. There's even a built- ma 4 
in Autoload ROM to eliminate tiresome button pushing 7 

If that's more storage than you need right now, try our | 
MetaFloppy:1053, with 650,000 bytes on-line. Or our Meta- 

Floppy.1043, with 315,000 bytes on-line. Either way you can 
expand to over a million bytes on-line in easy stages, when you 
need to Or want to. n А 

In other words, if your application keeps growing, weve got 
you covered. With MetaFloppy 

The system that goes beyond the floppy. -— | 

For a descriptive brochure, in the U.S. call or write Micropolis 
Corporation, 7959 Deering Avenue, Canoga Park, Califomia 91504. 
Phone (213) 703-1121 

Or better yet, see your loca! dealer. 


MICROPOLIS"  ?* 


More bytes in store for you. тшу бипош card: 


Yes. BYTE went looking for a fulfillment agency big enough to suit our present needs with 
the capacity to service efficiently the many more subscribers we project we will have in the 
future, . .and we found one. 


If you are one of the people who have found our service a little less than satisfactory, we 
offer with this explanation our profound apologies, and feel that we can promise even better 


service to our subscribers in the future. 


Again, we offer our gratitude to our readers for helping to make BYTE what it is. 


Virginia Peschke Londner 
Publisher 
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SWEETS for KIM 


ENERG LDY #10 
JSR WAIT 
LDY # 
STY PORT 
RTS 

WAIT LDX #200 

LOOP DEX 
BNE LOOP 
DEY 
BNE WAIT 
RTS 


Listing la: A segment of 6502 assembly language code used to demonstrate 
SWEETS, a Simple Way to Enter, Edit and Test Software. SWEETS isa 
small tex! editor and assembler which operates on hexadecimal code and 
which is designed to fit in the KIM-T's 1 K byte small memory while leaving 
room for the user's programs. The key sequence for editing is shown in table 


Tb. 


00000000000000 
00000000000007 


SET UP FOR 10 MSEC DELAY 
LOOF FOR THAT LONG 

SEND Q'S TO OUTPUT PORT 

TO TURN OFF MAGNET CURRENT 
RETURN TO CALLER 

NO. TIMES THRU INNER LOOP 
DECREMENT INNER LOOP COUNT 
LOOP UNTIL COUNT IS 0 
DECREMENT CUTER LOOP COUNT 
LOOP UNTIL COUNT IS 0 

RETURN TO CALLER 


Table ia: The sequence of keys used to enter the program in fisting Га when 
using the SWEETS editor and assembler. The righi side of ihe table shows 
the resulting LED readout seen at each step, Notice that un entire insiruction 


is entered and displayed at one time. 
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A Low Calorie Text Editor 


Dan Fylstra 
22 Weitz St #3 
Boston MA 02134 


If you would like to experiment with 
microcomputers on a limited budget, the 
MOS Technology KIM-1 is an excellent 
choice, For $245, it comes preassembled 
with, among other things, a 6502 micro- 
processor, a read only memory monitor, 
an audio cassette interface, 1 K bytes of 
programmable memory, and its own special 
peripheral: a 23 key keyboard plus a 6 digit 
LED display. The monitor lets you load a 
machine language program byte by byte 
from the keyboard, and once loaded the 
program can be saved on tape via the audio 
casselle interface. The KIM-1 manual shows 
how you can "hand-transiate" an assembly 
language program into the absolute hexa- 
decimal form required for keyboard entry, 

This is fine for very small programs, but 
the process of hand translation gets rather 
tedious after vou've assembled a few hun- 
dred bytes of code. And, worse, once you've 
painstakingly worked out all the subroutine 
call addresses and branch displacements 
and keyed the whole program in, you in- 
variably find that you've forgotten some- 
thing. Often, instructions must be inserted 
or deleted in the middle of the pregram, 
which throws everything off by a few bytes. 

The obvious solution to this problem is 
to obtain a text editer and assembler pro- 
gram for the 6502. But, alas, such a program 
probably needs more than the 1 K bytes of 
memory provided on the KIM-1, and, more 
seriously, it requires an alphabetic charac- 
ter terminal device such as a Teletype. Whal 
if you can't afford the extra peripherals 
and memory? Are you doomed to spend 
most of your microcomputing hours keying 
in the same program over and over again? 

Maybe not. Perhaps we can avoid most 


LOADED WITH EXTRAS 
AT NO EXTRA COST 


Microprocessor controller 

Serial RS232C interface 

Parallel TTL level interface 

Full upper and lower case 

ASCII character set (96 

characters) 

e Full 812 inch wide paper 

* Line length of 80 columns at 
10 characters per inch 

• Impact printing 

• 7x7 dotmairix 

* Ordinary paper — roli, fanfold, 
or sheet 

* Serial baudrate to 1200 bits 
per second 

• Multiple line buffer of 256 
characters 

* Built-in self test mode 

Instantaneous print rate to 

100 characters per second 

* Sustained throughput to 50 

characters per second 

Multiple copies without 

adjustment 

* Reinking ribbon mechanism 

* Expected ribbon life of 10 

million characters 

Front panel operator controls 

• Attractive table top console 
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* Print densities of 8.3, 10, 12 
and 16.5 characters per inch 

* Options program selectable 
by control codes 

* Full CRT screen size multiline 
buffer (2048 characters) 

« Special set of graphic symbols 

¢ Graphics mode dot plotting 

* Formfeed control 

e Eight switch selectable form 
sizes 

• Automatic page boundary 
skip 

• Remote printer selection/ 

deselection 

Automatic line feed on 

carriage return 
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of the tedium by concentrating on those 
features of a text editor and assembler 
which we really need, Although wel be 
limited by the KIM-1 keyboard to hexa- 
decimal instruction entry, perhaps we can 
provide an automatic way to insert and 
delete instructions and to fix up all those 
subroutine cali addresses and branch dis- 
placements. And perhaps by limiting our- 
selves to these features, we'll be able to cram 
the "editor and assembler" into some 
fraction of the KIM's 1 K of memory. 

This is the purpose of SWEETS. SWEETS 
is an example of a program invented to fit 
an acronym: [t stands for Simple Way to 
Enter, Edit and Test Software. If you own 
a KIM-1 and have grown tired of absolute 
machine language programming, now you 
can step up to "symbolic hex"! While it's 
not as convenient às а real text editor and 
assembler, SWEETS can save you a lot of 
time and index finger soreness. 


SWEETS Functions 


Under the control of the KIM-1 monitor, 
the 6 digit LED display normally shows you 
the address and data of a single byte of 
memory. You can enter dala using the 
hexadecimal keys, but this causes the data 


Table 10: The procedure used in SWEETS to locate and delete an instruction, 
in this case the superfluous instruction LDY #0 (A000 in hexadecimal code), 
The rest of the program is moved up in memory and the next instruction is 
then displayed, as shown. 


0200 AQ 
0202 20 
0205 ac 
0208 60 
0209 A2 
020B CA 
020C DO 
020Е 88 
020F DO 
0211 60 


ENERG LDY = 10 
02 JSR WAIT 
17 STY PORT 
RTS 
WAIT LDX = 200 
LOOP DEX 
BNE LOOP 
DEY 
BNE WAIT 
RTS 


Listing 1b: The absolute hexadecimal form of the program segment shown 
in listing la after removal of the LDY #0 instruction [see table 15) and 
execution of the SWEETS assembler (shown for purposes of comparison 
in the format of an ordinary assembler output listing). 
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previously in the displayed byte of memory 
to be destroyed. 

Under the control of SWEETS, howcver, 
an entire instruction of one, two or three 
bytes in length is displayed on the LEDs at 
any given time, An instruction can be 
inserted just before the displayed instruc- 
tion by pressing the AD key followed by 
from 2 to 6 hexadecimal keys. When this is 
done, the instruction just entered appears on 
the display; the old instruction and every- 
thing following it in the program area have 
been moved down to make room. Similarly, 
pressing the DA key causes the currently 
displayed instruction to be deleted, and 
everything following this instruction in the 
program area is moved up to eliminate the 
slack space. 

Successive instructions can be examined 
by pressing the + Key, which advances to 
and displays the next complete instruction. 
And to go back to a previous point, or to 
find an arbitrary point in the instruction 
sequence, you can press the GO key fol- 
lowed by a two byte (four hexadecimal 
digit) search pattern. SWEETS will search 
for the first instruction(s) whose initial two 
bytes match the search pattern, and then 
will display this as the current instruction. 

This much of SWEETS can be used by 
itself; but so far we're still burdened by the 
need to calculate and adjust subroutine call 
addresses and branch displacements. To 
lift this burden, we can use hexadecimal 
"labels." A label is a 3 byte "pseudo- 
instruction” with an opcode of hexadecimal 
FF. The second byte is the "label number,” 
any hexadecimal value, and the third byte 
is ignored. А label is inserted in the hexa- 
decimal instruction sequence at each point 
where an alphabetic label appears in a 
normal assembly listing. When we key in a 
subroutine call, jump, or relative branch in- 
struction, we enter the destination label 
number as the second byte of the instruc- 
tion, in place of a branch displacement or 
absolute address. As we insert and delete 
instructions, the "label" pseudo-instructions 
move up and down in memory along with 
the rest of the code. 

When we're ready for a test run of the 
edited program, we can use the KIM-1 
monitor to execute the SWEETS “assem- 
bler." This program removes the label 


The difference 1s value. 
Take a look at our low-cost 
microcomputer's heavy duty 
cabinet. Even with the cover 
removed, it maintains its rigid 
structural integrity. But we 
don’t stop there. Quality built 
Vector Graphic products, from 
boards and kits to complete 
systems — such as our 
Memorite turn-key text editor 
shown below — beat all 
competitors in mechanical, 
thermal and electrical design. 


Based on an 8080A 
microprocessor and the S-100 
bus structure, Vector Graphic 
microcomputers are compatible 
(with the exception of minor I/O 
patches) with all of the current 
8080A software. 

If you’re designing small 
business systems, text editors, 
control equipment, games or 
even microprocessor 
development, it will pay you to 
look into our low cost 
microcomputers and interface 
boards, kits or assembled. 


| 
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Vector Graphic Inc., 
790 Hampshire Rd., Westlake 
Village, CA 91361 (805) 497-6853 


Sold and serviced nationally. 


Vector Graphics microcomputer: 


Whats in it for you? 


S 
nm 
ЕЕ” 


AA 


Word processing systems for $7,950 — features normally found in systems costing twice as much. 
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MOVEUP REDEND 


| seu | 


ммр 


ADVEND 


STPKET 
AUVANC 


DETLEN ADVANC 


RDSYTE 


DETLEN 


DETLEN 


Figure 1: The subroutine calling tree structure of SWEETS, CMD, the control routine, maintains the LED display and scans 
the keyboard for a command key (by means of SCAN) and transfers to one of the four command processing subroutines, 
ADKEY, DAKEY, GOKEY or STPKEY. These routines perform the editing functions with the aid of three other subroutines: 
DETLEN (which determines instruction lengths), MVDOWN, and MOVEUP (which move portions of edited program down 


and up in memory, respectively). 
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pseudo-instructions from the instruction 
sequence, and replaces label references in 
branch, jump and subroutine call instruc- 
tions with the proper branch displacements 
or absolute addresses. Then the edited pro- 
gram is ready for a Lest execution. (Since 
the test is likely to fail, leading to further 
changes in the edited program, we should 
always dump the program on the audio 
cassette in "symbolic hexadecimal’ form 
before executing the SWEETS assembler. 
Then we can reload it later, replacing the 
program in memory which has been con- 
verted to absolute machine language.) 

As an example, suppose that you wished 
to enter the program segment shown in 
listing 1a, which is taken from an earlier 
BYTE article of mine (see ‘'Selectric Key- 
board Printer Interface," June 1977 BYTE, 
page 46). Table 1а shows the keys you 
would press and the resulting instructions 
displaved on the LEDs by SWEETS. You 
might then notice that the instruction 
LDY #0 is superfluous after the call to 
subroutine WAIT, so you would search for 
and delete this instruction as shown in 
table 1b. Finally you would execute the 
SWEETS assembler, leaving the contents 
of the program area as shown in listing 1b. 

Of course, we will pay some penalty for 
use of these features of SWEETS, since we 
will have Jess memory available for the 
program to be debugged while SWEETS 
itself is loaded and running. But larger 


programs usually can be divided into seg. 
ments, and loaded, “assembled,” and de- 
bugged that way. Also, since the SWEETS 
hexadecimal editor and assembler run 
separately, we can conserve memory space 
by loading the assembler from tape when- 
ever we want to use it, overlaying the 
editor in memory and reloading it from 
tape in a similar way when we need it again. 

Although SWEETS is a useful tool in 
its present form, you will undoubtedly want 
to customize it for your own purposes. But 
to customize SWEETS you've gat to under- 
stand exactly how it works, so let's take a 
look at the overall design of SWEETS 
before puzzling over its realization in 6502 
assembly language. 


The SWEETS Editor 


The subroutine calling tree ín figure 1 
gives you a quick, top-down’ overall look 
at the SWEETS editor. CMD, the control 
routine, maintains the LED display and 
scans the keyboard for а command key 
(using SCAN) and then transfers to one of 
the command processing routines: ADKEY, 
DAKEY, GOKEY and STPKEY. These 
routines perform the editing functions with 
the aid of three critical subroutines: DET- 
LEN, which determines the length of an 
instruction in bytes based on its opcode; 
MVDOWN, which moves a portion of 
the edited program down in memory to 
make room for an inserted instruction; 


The AJ 8411/0. 

A completely 
refurbished IBM Selectric 
Terminal with built-in ASCII 
cues, interface. Just *995. 


e ASCII code. • Reliable, heavy duty Selectric 
e 14.9 characters per second printout. mechanism. 


* Special introductory price — $995 * Off-line use as typewriter 
(regularly 31495). 75% discount from 
original price of new unit. 

• Choice of RS 232 Serial 
Interface or Parallel 
Interface 

* Order direct from 
factory. 


e Documentation 


AJ 841 WARRANTY AND SERVICE 
IS AVAILABLE IN THE 
FOLLOWING CITIES: 

Los Angeles / Cincinnati 

À Philadelphia / Detroit 

Hackensack / Dallas 

Columbus / Houston 


Cleveland / Atlanta 
included. san Jose / Chicago 
e 30-day warranty — \ Boston / New York 
parts and labor. . Washington, D.C. 
For further 


e High qualit 
ee : H information call 
printing. o (408) 263-8520 
Eo " Fay ANDERSON 
JACOBSON 


Anderson Jacobson inc 521 босо Avenue 
San Jose, Califonua 95131 


X 

PSs те тз їз ыў шл m тт. ар п втв ж, A m m ка. 

8 мр еч CLIP AND MAIL WITH ORDER a 

- SELECT EITHER: - 

‘er’ Г] RS 232 Serial Interface (available June, 1978) 

i L payable ior s check or money order E] Paralel Interface [connector to 3P + S included) И 

P] ANDERSON JACOBSON, INC. 

a nene ma O ка Number of units ———— @ $995 each $ - 

р ANDERSON JACOBSON. INC. Sales tox at delivery location $ E 

в San Jose, CA 95131 Shipping and handling $35 = 

B 2. Upon ш Мацнее pex ир your each (excluding San ) S 

ermina service office 

е located in one of ће above cities. TOTAL S E 

Ы Allow six to eight weeks for delivery. Di 

Ш 3 A final check of your unit will be made NAME "5 

) а na local AJ service office at time of ES a 

pickup. 

D] 4. For warranty or repair service, retum в 

R unit to designated service location. ciny SINE ЕЕ a 

P 5. Avallable in U.S. only PHONE ( AM RC ERE Y! 1:11 су Ж # 
E] 


Circle 3 on inquiry card. BYTE February 1978 57 


Figure 2: Three 16 bit 
pointers are used to man- 
age the edited program 
area. BEGAD points to the 
beginning of the program 
area; ENDAD points to 
the location immediately 
beyond the end of the 
program area, and CURAD 
points to the currently 
displayed instruction. 


1780 
1782 
1784 
1786 
1788 


1788 
178A 
178C 
178E 
1790 
1792 
1794 
1796 
1758 
179A 
179C 
179E 


179F 

17A0 
17А2 
17A4 
17A6 
17A8 

17АА 


17AB 
17AC 
ТРАЕ 
17B0 
17B2 
1784 
1786 


BEGAD 


CURAD 


ENDAD 


;SET CURAD = BEGAD 


BEGIN 


; CURAD = 
ADVANC 


ADRET 


>ENDAD = 
ADVEND 


ADRET1 


; ENDAD = 
REDEND 


REDRET 


LDA 
STA 
LDA 
STA 
RTS 


BEGAD 
CURAD 
BEGAD+1 
CURAD+1 


EDITED 
PROGRAM 
AREA 


LOW-ORDER BYTE 
HIGH-ORDER BYTE 
RETURN TO CALLER 


CURAD + BYTES, COMPARE TO ENDAD 


CLC 
LDA 
ADC 
STA 
LDA 
ADC 
STA 
CMP 
BMI 

LDA 
CMP 
RTS 


CURAD 
BYTES 
CURAD 
CURAD+1 
#0 
CURAD+1 
ENDAD+1 
ADRET 
CURAD 
ENDAD 


ENDAD + BYTES 


сіс 
LDA 
ADC 
STA 
BCC 
INC 

RTS 


ENDAD — BYTES 


SEC 
LDA 
SBC 
STA 
BCS 
DEC 
RTS 


ENDAD 
BYTES 
ENDAD 
ADRET1 
ENDAD+1 


ENDAD 
BYTES 
ENDAD 
REDRET 
ENDAD+1 


CLEAR CARRY 
LOW-ORDER BYTE 


HIGH-ORDER BYTE 


COMPARE HI-ORDER 


COMPARE LO-ORDER 
RETURN TO CALLER 


CLEAR CARRY 
LOW-ORDER BYTE 


CHECK CARRY 
INCREMENT HI-ORDER 
RETURN TO CALLER 


SET CARRY 
LOW-ORDER BYTE 


CHECK CARRY 
DECREMENT HI-ORDER 
RETURN TO CALLER 


Listing 2: Four utility subroutines used by SWEETS to manipulate three 
16 bit pointers which point to the beginning of the program area, the loca- 
tian just beyond the end of the program area, and the currently displayed 


instruction. 
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and MOVEUP, which moves a portion of 
the program up in memory to eliminate the 
empty space created when an instruction 
is deleted. 

The edited program area is managed with 
the aid of three 16 bit pointers: BEGAD, 
which points to the beginning of the pro- 
gram area; ENDAD, which points just 
beyond the end of the program area; and 
CURAD, which points to the currently 
displayed instruction. This layout is shown 
їп figure 2. Whenever a new instruction 
becomes the "current" опе, subroutine 
DETLEN is called to determine its length 
in bytes, and this value is saved in the 
variable BYTES. 

The most basic functions we need in 
SWEETS are some utility routines to 
manipulate these 16 bit pointers on an 8 
bit machine such as the 6502. The rou- 
tines we need are shown in listing 2. The 
most important one is ADVANC, which 
advances the current instruction pointer 
CURAD to the next instruction, and tests 
to see if the end of the program area has 
been reached. As we shall see later, STPKEY, 
the command processing routine for the 
* key, is basically just a call to ADVANC. 

Another basic function is the subroutine 
DETLEN, which we've already mentioned. 
It is shown in listing 3. The logic of this 
routine clearly depends on the system of 
encoding opcodes on the 6502: in most 
cases (DETLEN tests for the exceptions), 
the low order hexadecimal digit of the 
opcode tells us the instruction length. For 
example, all opcodes of the form x5 rep- 
resent two byte instructions, while all 
opcodes of the form xC represent three 
byte instructions. 

The heart of the SWEETS editor lies 
in the subroutines MOVEUP and MVDOWN, 
which are shown in listings 4a and 4b. The 
main concern in these routines is that we 
must be careful not to move a byte up or 
down to a location which contains another 
byte that will be moved later. For MOVE- 
UP, we must move bytes starting at CURAD 
and proceeding down to ENDAD, while 
for MVDOWN, we must move bytes in the 
opposite direction, as shown in figure 3. 

So far we haven't faced the issue of how 
to control our one and only peripheral, 
the KIM-1 keyboard and LED display. 
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What our software operating system offers: 
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е Cyclic redundancy check (CRC) error 
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Listing 3: DETLEN, a 
subroutine which deter- 
mines instruction length 
based on op code. 


17B7 
17B9 
17BB 
17BD 
1?BF 
17C1 
17€3 
17C5 
17С7 
17С9 
17СВ 
17CD 
17CF 
17D1 
17D3 
1705 
1707 
1709 
17DA 
170C 


QOBG 
QOBS 
OGBA 
Q0BC 
DOBE 
оосо 
coc2 
00с4 
00св 
D0CB 
OOCA 
oocc 
ООСЕ 
0üDaQ 
0002 
0003 
0005 
0007 
0008 
OoDA, 
gobe 
оороо 
QODF 
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MOVEUP 


UPLOOP 


INCMOV 


MVURET 


M'Y DOWN 


MY LOOP 


DECMOV 


MVDRET 


STA 
сім 
BYC 
RTS 


CURAD 
MOV AD 
CURAD« 
MOVAD+1 
BYTES 
(MOVAD},Y 
#0 


(MOVAD),Y 
MOVAD 
MOVAD+1 
ENDAD 
INCMOV 
ENDAD+1 
MVURET 
MOVAD 
UPLOOP 
MOVAD+1 


UPLOOP 


ENDAD 
MOVAD 
ENDAD-t1 
MOVAD+4 


#0 
(MOVADI, Y 
BYTES 
(MOVAD),Y 
MOVAD 
MOVAD*t*1 
CURAD 
DECMOV 
CURAD+1 
MVDRET 


#1 
MOV AD 


#0 
MOVAD+1 


MV LOOP 


DETLEN 
DETLN1 
DETERM 
02 LENTB 
02 
01 
03 


START MOVE FROM 
BEGIN OF PROGRAM 
SEGMENT (CURAD)} 


AMOUNT TO MOVE 
FETCH BYTE 


STORE BYTE 
CHECK FOR 

END OF MOVE 
LOW-ORDER BYTE 


HIGH-ORDER BYTE 
INCREMENT LO-ORDER 
INCREMENT HI-ORDER 


BACK TO MOVE MORE 
RETURN TG CALLER 


START MOVE FROM 
END OF PROGRAM 
SEGMENT (ENDAD] 


FETCH BYTE 
AMOUNT TO MOVE 
STORE BYTE 
CHECK FOR 

END GF MOVE 
LOW-ORDER BYTE 


HIGH-ORDER BYTE 

SET CARHY 
DECREMENT LO-ORDEH 
DECREMENT HI-ORDER 


BACK TO MOVE MORE 
RETURN TO CALLER 


Listings 4a and 4b: Subroutines MOVEUP and MVDOWN, which Form the 
heart of the SWEETS editor. MOVEUP moves a given program segment 
starting at address CURAD and ending at address ENDA D upward in mem- 
ory (toward decreasing addresses) by the amount stored in BYTES, MV- 
DOWN performs the same operation downward by the amount stored in 
BYTES. 


LDY 
LDA 
LOY 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
LOY 
CMP 
BEQ 
AND 
CMP 
BEQ 
ANO 
TAX 
LDY 
STY 
RTS 


zü 

(CURAD), Y PICK UP OPCODE 

#1 ASSUME LENGTH IS 1 
= TEST FOR 'BRK' 


DETERM 
= $40 TEST FOR ‘RTI’ 
DETERM 
= $60 TEST FOR 'RTS* 
DETERM 
= ASSUME LENGTH IS 3 
i $20 TEST FOR 'JSR' 
DETERM 
#S1F STRIP TO 5 BITS 
# $19 TEST FOR ABS, Y 
DETERMI 
# SOF STRIP TO 4 BITS 

TO TABLE INDEX 
LENTB,X LENGTH FROM TABLE 
BYTES SAVE IN ‘BYTES’ 


RETURN TO CALLEH 


BYTE 2,2,2,1,2,2,2,1 


.BYTE 1,2,1,1,3,3,3,3 


Fortunately, several routines are provided 
for this purpose in the KIM-1 monitor; the 
source listings for these routines are available 
on request from MOS Technology. In the 
SWEETS assembly code listings, we have 
underlined references to KIM-1 monitor 
subroutines and variables for easy identi- 
fication. We will use the KIM-1 subroutine 
SCANDI, which lights up the LEDs momen- 
tarily and checks to see if a key 15 pressed, 
and the subroutine GETKEY, which returns 
a numeric value in the accumuiator telling 
us which particular key has been pressed. 

The six LED digits display the contents 
of three successive bytes in memory, de- 
noted POINTH, POINTL and INH in the 
KIM-1 monitor. Unfortunately, the order 
of these bytes is the opposite of the normal 
order of the bytes in ап instruction in 
memory, so we must reverse the order as 
the first step of our subroutine SCAN 
(listing 5). The main additional complica- 
tion in this routine is the need to "debounce" 
the keyboard's bare contact switches in 
software. Since SWEETS performs its 
operations so quickly relative to a mechani- 
cal eveni, the key from the last operation 
invariably is sé pressed when we come 
back to the keyboard looking for the next 
command. Also shown in listing 5 is sub- 
routine RDBYTE, which cails SCAN to read 
two successive hexadecimal digits from the 
keyboard. 

With all of this machinery in place, the 
Lop level logic is straightforward. The con- 
tro| routine, CMD routine, and the com- 
mand processing routines are shown in 
listings 5a, 6b and 6c. The most complicated 
of the processing routines is ADKEY. It 
determines how many bytes to read for the 
inserted instruction, and displays each byte 
as it is entered; then it copies (in reverse 
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Figure 3: Correct pro- 
cedures for moving pro- 
grams in SWEETS. Figure 
3a shows that the upper- 
most focation must be 
moved first when trans- 
ferring a section of pro- 
gram upward. Otherwise, 
some focations could be 
inadverteniiy — destroyed. 
Figure 3b shows the anal- 
ogous situation for a down- 
ward movement of code, (Bj 


ENDAD 


D100 20 8o 00 SCAN JSR DETLEN DETERMINE LENGTH 
; COPY INSTRUCTION TO DISPLAY AREA, 
; REVERSING ORDER OF INSTRUC. BYTES 


0103 А0 00 LDY #0 
0105 A6 E& LDX BYTES 
0107 B1 E4 SCOPY LDA (СОН ADI, Y INSTRUCTION BYTE 
0109 95 ЕВ 5ТА INH-1,X TO DISPLAY AREA 
D10B CB IN Y 
00t СА DEX 
0100 DO F8 BNE SCOPY 
; LOGIC TO 'DEBOUNCE' KEYBOARD CONTACT 
ООР 20 22 01 5САМ1 JSR SCANS WAIT UNTIL LAST 
0112 DO FB BNE SCAMI KEY IS RELEASED 
Otis 20 22 01 SCAN2 JSR SCAN 
0117 ҒО ЕВ BEO SCAN2 WAIT FOR NEW KEY 
0119 20 22 01 JSR SCANS 
o1ic FO F6 BEG SCAN2 BUT REJECT JITTER 
ОТТЕ 20 BA iF JSR GETKEY GET CODE FOR KEY 
0121 66 RTS RETURN TO CALLER 
; SET UP PARMS AND CALL KIM-+ DISPLAY SCAN 
0122 A4 ЕВ SCAN3 LOY BYTES 
0124 А2 OS LOX E 
0126 А9 ТЕ LDA = ЈЕ 
0128 80 41 17 STA PADD SET UF DATA DIRECT 
0128 20 28 1F JSR САМОЇ CALL KIM-1 ROUTINE 
012E 60 ATS RETURN TO CALLER 


; RDBYTE READS TWO HEX DIGITS, RETURNS BYTE 
; VALUE IN ACCUMULATOR. IF А NON-HEX DIGIT 

; KEY 15 PRESSED, IT RETURNS THE KEY CODE 

; IN THE ACCUMULATOR AND N FLAG = 0 


Ct2F 20 OF OF RDBYTE JSA SCAN! GET FIRST KEY 
0132 сә 19 CMP = $10 IS IT A HEX DIGIT? 
0134 10 Ti BPL RDRET NO, RETURN 

0136 ОА ASL A SHIFT OVER 4 BITS 
C137 DA ASL A 

0138 OA ASL А 

0138 ОА ASL А 

0134 85 E9 STA TEMP SAVE FIRST DIGIT 
913C 20 OF 01 JSR SCAM! GET SECOND KEY 
G13F ca 10 CMP = $10 IS IT A HEX DIGIT? 
0141 то 04 BPL RDRET ND, RETURN 

O143 05 E9 ORA TEMP 

0145 A2 FF LDX = $ЕЕ SETN FLAG = 1 
0147 60 RDRET RTS RETURN TO CALLER 


Listing 5: Subroutines SCAN and RDBYTE. SCAN displays the instruction 
at location CURA D, scans the keyboard for a depressed key, and places the 
code for that key in the accumulator. RDBYTE calls SCAN to read two 
successive hexadecimal digits fram the keyboard. 
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nt 


order} the new instruction bytes from the 
display to the program area. If you've under- 
stood everything so far, you should have 
little trouble following the code for these 
top level functions. More important, once 
you're familiar with the basic SWEETS 
design, you can easily add customized top 
level routines of your own, 


The SWEETS Assembler 


None of the editor routines just dis- 
cussed were concerned with the processing 
of the hexadecimal ‘labels? described 
earlier as one of the features of SWEETS. 
This is because, as far as the editor is con- 
cerned, a label is just another 3 byte instruc- 
tion. Labels take on a special meaning only 
when the SWEETS assembler is invoked. 

The assembler operates in two passes over 
the program area. On the first pass, the 
assembler searches for "instructions" with 
an opcode of hexadecimal FF (the labels). 
When one is found, the second byte of the 
instruction (the fabel number} is moved 
to the end of the program area, and the 
current instruction address is also deposited 
there (figure 4а). The label instruction is 
then deleted using MOVEUP to take up the 
slack space. This process continues until 
all of the labels have been removed and 
stored in the "symbol table" at the end of 
the program area (figure 4b). Since the 
labels are (by design) three bytes long, we 
gain the space for ihe symbol table when 


Computer Mainframe $ystem 


First in the TEI family . . . The MCS-112 and 122 Mainframe Systems. 
*The Base on Which to Build" 


The cabinet 
A, heavy duty precision formed cabinet of fine 
craftsmanship. Completely machined and 
ready for assembly The exterior s fin- 
ished in TE! blue. Vented for most 
efficient thermal character- 
lstics. Furnished with all 
necessary hardware. 


» 


The front panel 
The front panel is blank 
except for an indicating AC 

switch and a reset switch. 

However, the chassis and mother 

board we designed so that you may 
remove the from panel and insert an IMSAI 
or equivalent -front panel. 


Specifications MCS-119 MCS-199 
Dimensions TI Wx Dx TMH TP x 19V2D x TAH 
Power +8 volt DC 17 amps 30 amps 

Power x15 volt DC $ amps 4amps 


SPECIAL SYSTEMS GROUP 


The motherboard 
An S-100 Bus system high quality mother board with 100-pin edge connectors. Compatible with IMSA, MITS, 


CROMEMCO, TDL and other 5-100 bus configured circuit boards. Plug connections for reset switch. Voltage terminals 
are screw type to power supply leads. All card guides are provided. 1 slots for MCS-112 model and 22 slots for 
MCS-192 model. 


Edge connectors 
High quality edge connectors factory mounted and wave soldered to eliminate this nuisance for 
you, Completely checked out for shorts or open traces. ALL edge connectors furnished, 12 for 
the MCS-112 and 22 for the MCS-12%, No additional expense when you expand your 
system. 


The power supply 
One of a Мпа... using a constant voltage transformer (CVT) with a very 
high immunity to input line noise , . greater than 100 db rejection. 
Line regulation better than + 1% from an input of 95 to 14D Voit 
AC at full load to 85 to 140 Volt AC at three quarter load. 
Designed to meet UL-478 specifications (EDP SPECS). 
Individual fusing on all input and output voltage 
lines. See specifications below for power 
ratings. 


The cooling system 
A 115 CFA muffin fan with a 
commercial grade washable filter 
will provide clean airflow over all 
circuitry 
The wiring 
All wiring 15 color coded and ALL is 
precut to length with connecting lugs 
factory machine applied. 


NOW ... TEI puts it all 
together for you. Mainframe 
systems ( 19 and 99-sloD ... 
Floppy ала mini-floppy disc drive 
systems (single, double and triple) 16K 
RAM ...а 2-80 CPU with addressable 
“jump to" and autostart capability ...16 
Channel A/D and D/A converter... 3 serial + 3 
parallel multiple 1/0 ... and other supporting boards 
...ànd our newest item, the PROCESSOR TERMINAL — A 
CRT, keyboard, mini-floppy disc and 19-510ї mainframe with a 
8080A CPU — all housed in one quality aluminum case. All of 
these fine products at prices you will like. Watch for them all. 


MCS 
MICROCOMPUTER SYSTEM 


Contact your local TEI Dealer or if you are not near one of our dealers, write or call СААС Marketing Corp direct for more information. 


CMC MARKETING CORP 


5601 Bintliff Suite 515 e Houston, Texas 77036 € Phone: (713) 783-8880 


Circle 18 on inquiry card. 
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0148 
0146 
0140 
O14F 
0152 
0154 
0156 


0159 
0158 
0150 
O15F 
0161 

0162 
0164 
0166 
0168 
O16B 
DIGE 
0179 


0172 
0175 
0177 
0179 
017В 
0170 
e РЕ 
0181 
0183 
0185 
0187 
0199 
0188 
0180 
0190 
0192 


0194 
0197 
0199 


0198 
019Е 
ОТАТ 
O1A2 


От А4 
OIA? 
mag 
01AB 


OTAE 
OiBO 
D182 

B4 

0167 

D1B9 
0168 
ОВ 
O16F 
0162 
Qca 


orca 
01с9 


acc 
Dict 
0100 
№102 
отм 
0105 
Отв 
от DE 
01 0A 


o1 


01 


17 


00 
17 


01 


17 
17 


01 


00 


от 


01 


00 
17 


(a) 


GOKEY JSR 
BPL 
STA 
JSR 
BPL 
STA 
JSA 


RDBYTE 
GCMD 
POINTH 
RDBYTE 
GCMD 
POINTL 
BEGIN 


GET FIRST BYTE 

OF SEARCH PATTERN 
SAVE IN DISPLAY 
GET SECOND BYTE 
QF SEARCH PATTERN 
SAVE IN DISPLAY 
CURAD := BEGAD 


; LOOP SEARCHING FOR 2-BYTE MATCH 


GOLOOP LDY 
LDA 
CMP 
BNE 
INY 
LDA 
CMP 
BEQ 
GONEXT JSR 
JSR 
BEQ 
BNE 


(b) 


CMD JSR 
GCMD СМР 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BEQ 
ERROR LDA 
STA 
STA 
STA 
ERRI JSR 
BNE 
BEQ 


=0 
iCURADLY 
POINTH 
GONEXT 


(CURADI,Y 


GOLOOP 


SCAN 

* $10 
ADKEY 
= $11 
DAKEY 
: 512 
STPKEY 
= $13 
GOKEY 
= $ЕЕ 
INH 
POINTL 
POINTH 
SCANDS 
ERRI 
смо 


COMPARE 1ST BYTE 
AGAINST PATTERN 


COMPARE 2ND BYTE 
AGAINST PATTERN 
MATCH, NEXT CMD 
DETERMINE LENGTH 
ADVANCE TO NEXT 
MATCH NOT FOUND? 
CONTINUE SEARCH 


WAIT FOR A KEY 
TEST FOR VARIOUS 
COMMAND KEY CODES 


OPERATOR ERROR. 
SET UP HEX 'EE" 
IN DISPLAY AREA 


CALL KIM-1 ROUTINE 
UNTIL KEY RELEASED 


; STPKEY ADVANCES TO THE NEXT INSTRUCTION 


STPKE'Y JSR 
BPL 
BMI 


ADVANC 
ERROR 
CMO 


ADVANCE TO NEXT 
CHECK FOR ADVANCING 
PAST END OF PROGRAM 


; DAKEY DELETES THE CURRENT INSTRUCTION 


MOVE UP REST OF PROG 
ADJUST ENDAD UPWARDS 


ACCEPT OPCODE UNLESS 
NON-HEX KEY PRESSED 
SAVE IN DISPLAY 
DETERMINE LENGTH 


SAVE LENGTH 


T-BYTE INSTRUCTION 
READ SECOND BYTE 
NON-HEX KEY PRESSED 


2-BYTE INSTRUCTION 
READ THIRD BYTE 
NON-HEX KEY PRESSED 


MOVE CODE DOWNWARD 
ADJUST ENDAD DOWN 


FETCH FROM DISPLAY 
STORE INTO PROGRAM 


UNTIL ENTIRE INSTHUCTION 
IS INSERTED 


DAKEY JSR MOVEUP 
JSR REDEND 
су 
BYC CMD 
(c) 
; READ OPCODE, DETERMINE INSTRUCTION LENGTH 
ADKEY JSA ROBYTE 
BPL GCMD 
STA POINTH 
JSR DETLN1 
; READ REST OF INSTRUCTION INTO DISPLAY 
STY COUNT 
DEC COUNT 
BEO ADSET 
JSR ROBYTE 
ВРІ. GCMD 
STA POINTL 
DEC COUNT 
BEQ ADSET 
JSR nhRDBSYTE 
BPL GCMD 
STA INH 
; MOVE CODE DOWN TO MAKE ROOM 
ADSET JSR MVDOWN 
JSR ADVEND 
, INSERT INSTRUCTION INTO NEW SPACE 
LOY #0 
LDX 22 
INSERT LDA INH X 
STA {CURAD) У 
DEX 
INY 
CPY BYTES 
BNE INSERT 
BEQ смо 


Listing 6: Processing routines used in the SWEETS editor. Listing ба shaws 
GOKEY, which searches the program for a given 2 byte pattern and makes 
this the current. instruction. [t can also search for labels, The CMD (for 
"command"') routine, listing 6b, waits for a command key to be pressed 
and transfers to the processing routine for that key. If an invalid key is 
pressed, "EEEEEE" is displayed. ADKEY (listing 6c) accepts a new instruc- 
tion, inserts it, and shifts the code following it downward to make room, 
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we delete the labels from the instruction 
sequence. 

On its second pass through the program 
area, the assembler searches for subroutine 
call, jump and relative branch instructions. 
When one of these instructions is found, its 
second byte, normally a label number, is 
used to search for a matching label in the 
symbol table. Assuming that the label is 
found in the table, the corresponding actual 
address is inserted into the second and third 
instruction bytes for jump or subroutine 
call instructions, or a branch displacement is 
calculated and inserted for relative branch 
instructions (figure 4c). Since at times we 
may wish to enter instructions with an 
actual address or displacement rather than a 
label number, no substitution is made if the 
label is not found in the symbol table. 

The assembly source code for the SWEETS 
assembler is presented in listings 7a, 7b and 
7c. The subroutine FINDLB is used by pass 
2 of the assembler to look up labels in the 
symbol table. Note, too, that the assembler 
uses some of the editors subroutines: 
DETLEN, ADVANC, REDEND, and MOVE- 
UP. The addresses shown in the assembly 
code listing are designed to allow the as- 
sembler to overlay the main part of the 
editor without destroying those editor 
subroutines which the assembler must usc. 


Some Operating Hints 


Except for subroutine call addresses, 
each SWEETS routine is relocatable: it will 
execute properly no matter where it is loaded 
in memory. The assembled code shown here 
is designed to provide the largest possible 
contiguous area (512 bytes at hexadecimal 
addresses 200 to 3FF) for editing and 
assembling programs. This has the disad- 
vantage of breaking up SWEETS into four 
pieces: one in page zero, two in page one, 
and one starting at address 1780 (which 
makes it a bit cumbersome to load piece by 
plece from audio cassette]. The SWEETS 
routines could be consolidated, however, 
to provide two or more noncontigueus areas 
for program editing. 

In general, when starting up SWEETS, 
or after reloading a "symbolic hexadecimal” 
program from tape, you must store the 
proper values in BEGAD, CURAD ага 
ENDAD. Then, of course, you merely key 
in the CMD routine starting address and 
press GO. The assembler, which can be 
started up in the same way, automatically 
returns control to the KIM-1 monitor; 
the editor can be interrupted at any point by 
pressing RS (reset). Avoid using the ST 


Welcomestosthe Real World 


with the Real-World Interface from The Digital Group 


A computer should have a purpose. Or as many 
purposes as you can imagine. Because a computer 
belongs in the real world. 


And now, the Digital Group introduces the Real- 
World Interface. A system component that’s actually a 
system in itself, and specifically designed to help you 
get your computer to control all those tasks you 
know a computer can control so well. 


Automate your sprinkler system. Heat and cool your 
home. Guard against burglars. Shut off lights . . . It's 
all a part of the Real World, easily controlled with the 
Digital Group Real-World Interface. 


Our Real-World Interface is initially made up of three 
basic components — motherboard and power supply, 
parallel CPU interface and cabinet — plus three types 
of plug-ins: AC controller, DC controller and 
prototyping card. The recommended software 
packages are Convers, Assembler or Maxi-Basic, in 
that order. 


Some of the features include: 


Motherboard & Power Supply 

* 12 slots — 11 control cards, one for the interface 
card 

e +5V DCzr596 @ ТА, +12V DC +5% @ ТА, -12V DC 
+5% (D 1A contained on board 

* May be free-standing (with care) 


Parallel CPU Interface 
* All buffering for Data Out (25 TTL loads), Address 
(25 TTL loads) and Data In (10 TTL loads) 


Circle 38 on inquiry card. 


* Includes cable and paddlecard for connection to dual 
22 on Digital Group CPU back panel. Two 22-pin 
edge connectors included 

* Requires two output ports and one input port 


AC Controller 

е Eight output devices (2N6342A-2N6343A, -12 amp 
Triacs); Each output 240V AC max, 12A max RMS 

* Control AC motors, lamps, switches, etc. 

* Opto-isolated (MCS-2400 or equivalent) 


DC Controller 

* Eight output devices (2N6055) each output up to 
50V and up to 5A 

* Control DC motors, switches, solenoids, etc. 

* May use internal «12V DC for load or external DC 
up to 50V DC 


Price 

* For the motherboard and power supply, parallel 
CPU interface and cabinet, our kit price is only 
$199.50, or $260 assembled. Now that’s down to 
earth. 


We've only just begun our Real-World Interface 
System. There are many more plug-ins and 
applications coming along soon. So write or call The 
Digital Group now for complete details. 


And welcome to our world. 


tha «ебе соо 
Р.О. BOX 6528 DENVER, СО 80206 (303) 777-7133 
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Figure 4: Mechanics of pass 
Т of the SWEETS assembler 
are shown in figure 4a. The 
assembler first searches for 
"instructions" having an op 
code of hexadecimal FF 
(the labels). When one is 
found, the second byte of 
the instruction, which is 
the [abel number, is moved 
to the end of the program 
area апа the current instruc- 
tion address is also de- 
posited there. The label 
instruction is then deleted 
using subroutine MOVEUP, 
Figure 4b is a continuation 
of the process shown in 
figure 4a, showing that 
all! of the labels have been 
arranged in a symbol table 
at the end of the program 
area, A typical result of 
Dass 2 of the SWEETS as- 
asembler is shown in figure 
ác. Here a jump instruction 
has been modified so that 
the actual address of the 
destination appears in bytes 
2 and 3 of the instruction, 
and the actual branch 
displacement has been 
calculated and inserted for 
a relative branch instruc- 
tion. іп general, this pass 
takes care of ail jump, 
subroutine call, and re- 
lative branch instructions, 
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(a/ 


0206 


0230 


0238 


0240 


(5) 


0206 


0230 


0238 


0240 


fe} 


0206 


0230 


023438 


oz40 | 


BEGAD DOEO, 00Е1 
ENDAD DOE2, OOE3 
CURAD OQE4, OOES 
CMD 0172 
ASSEM oi1c 


Table 2: Locations of 
the variables BEGAD, 
ENDAD, CURAD, CMD 
and ASSEM. | BEGAD, 
CURAD and | ENDAD 
must be set up by the 
user to point to the 
area of memory which 
will hold the edited pro- 
gram, CMD is the eniry 
point to the SWEETS 
editor, and ASSEM is 
the entry point toa the 
SWEETS assembler. 


(stop) key repeatedly, since this may cause 
the stack to grow in length to the point 
where it could destroy one of the SWEETS 
routines. The special address information 
you need is summarized in table 2. 

Once you have SWEETS up and running, 
you can use it to develop improvements to 
SWEETS itself. In order to do this, you will 
have to edit code in the program area which 
is designed 10 run in another area of memory. 
One way to facilitate this is Lo add a 16 bit 
offset to jump and subroutine call addresses 
as they are resolved in pass 2 of the assem- 
bler. Another addition to SWEETS would be 
a small routine to save ENDAD at the end 
of the program arca, set up the starting and 
ending addresses for the KIM-1 audio 
cassette dump routine, and then transfer 
control directly to this read only memory 
routine to carry out the tape dump 
operation, 

One of the peculiarities of SWEETS is 
that it tends to make itself obsolete. This is 
because of our insatiable desire to do more 
with our personal computers. As soon as 
you find that writing a 512 byte program 
isn’t so tedious anymore, you'll immedi- 
alely want to write a 1024 byte program 
(at least), and then you'll be stretching the 
capabilities of SWEETS and the KIM-1. 
In a sense, SWEETS, as its name suggests, 
is an enticement: It helps develop the 
market for assemblers. But why not give 
it a try? Its a Jot sweeter than absolute 
hex. 


0100 
0102 
ото 

0106 
0108 
010A 
010C 
0100 
ОТОР 
0110 
0111 

0113 
0115 
0116 
0117 

0118 
0119 
0118 


0116 
ОТТЕ 
0120 
0122 
0124 
0126 
0128 
012A 
012C 
012E 
0131 
0133 
0138 
0137 
0139 
013A 
013с 
013E 
0140 
0141 
0143 
0145 
0146 
0148 
014A 
0146 
0140 
0150 
0153 
0154 
0156 
0159 


015B 
015E 
0161 
0163 
0165 
016? 
0169 
0168 
0160 
016Е 
0171 
0173 
0175 
0176 
0177 
0179 
0178 
0170 
01?Е 
0181 
0182 
0185 
0187 
0188 
018A 
0188 
0180 
О1ВР 
0192 
0194 


E4 
FF 
EB 
ор 
ЕС 
ОА 


ЕС 
ЕС 
01 


ES 


FINOLB 


FDLOGP 


FDRET 
FDNEXT 


17 


o0 


17 
17 


17 


17 
00 


01 


01 


17 
1C 


LDA 
LOY 
CPY 

BEQ 
CMP 
BNE 
DEY 
LDA 
TAX 
DEY 
LDA 
LDY 
RTS 

DEY 
DEY 
DEY 
BNE 
RTS 


ASSEM 


ASLOOP 


ASNEXT 


RSLOOP 


JMPJSR 


CHKBR 


RSNEXT 


(a) 


ICURA D), Y 


=$FF 


LABELS 


FDRET 


(TABLEI,Y 
FDNEXT 


(TABLEI,Y 


(TABLE), Y 


#1 


FDLOOP 


(b) 


(c) 


JSR 
CLC 
LDA 
ADC 
STA 
LDA 
STA 
ADC 
STA 
JSR 
LDY 
LDA 
CMP 
BNE 
INY 
LDA 
1 DY 
STA 
DEY 
LDA 
STA 
DEY 
LDA 
STA 
DEY 
STY 
JSR 
JSR 
CLV 
Bvc 
JSR 
BMI 


JSR 
JSR 
LDY 
LDA 
CMP 
BEQ 
CMP 
BNE 
INY 
JSR 
BEQ 
STA 
TXA 
INY 
STA 
BNE 
AND 
CMP 
BNE 
INY 
JSR 
BEQ 
SEC 
SBC 
SEC 
SBC 
STA 
JSR 
BMI 
JMP 


PICK UP LABEL 
SYMBOL TABLE INDEX 


NO LABELS IN TABLE 
DOES LABEL MATCH? 


WE HAVE A MATCH 
GET HI-ORDER ADDR 
INTO X REGISTER 
GET LO-ORDER ADOR 
INTO A REG., Y=1 
RETURN TO CALLER 


ADVANCE TO NEXT 
SYMBOL TA8LE ENTRY 


UNLESS END OF TBL 


CURAD := BEGAD 


ENDAÐ + 615 JUST 
#6 BEYOND UPPERMOST 


TABLE LABEL IN TABLE 
# $FF 
LABELS BEGINNING TBL INDEX 
ENDAD+1 ADJUST TABLE DOWN BY 
TABLE+1 256 FOR INDEX BASE 
DETLEN DETERMINE LENGTH 
#0 
(CURAD),Y PICK UP OPCODE 
# SFF 15 IT A LABEL? 
ASNEXT 
(CURAD), Y YES, GET LABEL NO 
LABELS GET TABLE INDEX 
{TABLE} Y DEPOSIT LABEL IN TBL 
CURAD+1 HI-ORDER ADDRESS 
(TABLE, Y DEPOSIT IN TABLE 
CURAD LO-ORDER ADDRESS 
(TABLE),Y DEPOSIT IN TABLE 
LABELS SAVE NEW TBL INDEX 
MOVEUP MOVE UP PROGRAM 
REDEND ADJUST ENDAD UPWARD 
ASLOOP BACK FOR NEW LABEL 
ADVANC TO NEXT INSTRUCTION 
ASLOOP UNTIL ENDAD REACHED 
BEGIN CURAD :- BEGAD 
DETLEN DETERMINE LENGTH 
#0 
(CURAD),Y PICK UP OPCODE 
= $20 JSR INSTRUCTION? 
JMPJSR 
= $4C JMP INSTRUCTION? 
CHKBR 

ADVANCE TO LABEL 
FINOLB LOOKUP IN TABLE 
ASNEXT LABEL NOT FOUND 
(CURAD),Y LO-ORDER ADDRESS 
(CURAD),Y HI-ORDER ADDRESS 
RSNEXT TO NEXT INSTRUC 
a StF 
= $10 BRANCH INSTRUC? 
RSNEXT 

ADVANCE TO LABEL 
FINDLB LOOKUP IN TABLE 
RSNEXT LABEL NOT FOUND 
CURAD DEST. - SOURCE 
#2 DEST. — SOURCE — 2 
ICURADL Y = DISPLACEMENT 
ADVANC TO NEXT INSTRUC 
RSLOOP BACK TO EXAMINE IT 
START TO KIM-1 MONITOR m 


Listing 7: The assembly 
source code for SWEETS. 
Subroutine FINDLB (list- 
ing 7a) is used during 
pass 2 of the assembler 
to look up labels in the 
symbol table. | FINDLB 
looks up the label at 
CURAD, Y and returns 
with Y=], X=the high 
order part of the address, 
A = the lower part af the 
address, and 2=0. Z is 
set equal to 1 if the label 
is not found. Listing 78 
shows pass 7 of the 
assembler during which 
labels are collected and 
stored with their addresses 
at the end of the program. 
Listing 7c is pass 2. Dur- 
ing this pass, the operands 
of the branch, jump and 
{SR instructions are con- 
verted from label refer- 
ences to displacements or 
actual addresses. Note that 
jump indirect operands are 
not converted. 
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The disk system you want 
at a price you didn't expect from a 
company that understands systems. 
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_ THE VISTA 550 
FLOPPY DISCOUNT 


We know that one of the biggest problems in 
personal computing is that you're buying with 
your own personal dollars. 

That's precisely why you're going to like 

doing business with us. 

We're Vista Computer Company, the personal 
computer systems brainchild of the business com- 
puter systems people at Randal Data Systems. 

And our V80 Floppy Disk System is a perfect 
example of how we're prepared to help you get the 
most out of your personal computing dollars. 


$659 buys you the 
whole kit and kaboodle 


The $649 you spend on a Vista V8O Floppy 
Disk System ($749 assembled) gets you every- 
thing you need: 

An 80K byte minifloppy drive (assembled and 
tested) that can be powered directly by your 


supply optional.) 

Ап I/O cable and a 
single card, S100 bus- 
compatible controller kit 

that handles up to four 
drives and includes a PROM : 
for bootstrap loading (addi- 
tional drives just $399). р: 
VOS, the most advanced 
microcomputer disk operating 
system available, and our 4 
BASIC-E compiler, designed a 
to work with VOS, all on a 


8080 or Z-80 computer. (Case and koner 


single diskette. Software functions include 
instantaneous program loading, named dynamic 
files, program editing, assembling, debugging, 
batch processing, and file copying on back-up 
diskettes. 

All backed by the Vista 90-day warranty, mem- 
bership in VUE (Vista Users' Exchange), and 
Dataforce, our associated service company with 
115 locations throughout the country. 


Test drive the V80 
at your local computer store 


Drop by your nearest computer store and run 
the VBO through its paces. Once you find out what 
it can do for you, you'll see that our combination 
of high performance and low price is hard to beat 
and easy to take. 


We love to take orders 


If you'd like us to ship you a Vista VBO Floppy 
Disk be they're available now. Just send us a 
check or money order for the amount 
of purchase, or your BankAmericard/ 
VISA or Master Charge account 
number with expiration date and 
authorized signature. California resi- 
dents add 6% sales tax. Uncertified 
checks require six weeks processing. 

To place your order, or to obtain 
further information, call or write today. 

Vista Computer Company, 2807 
Oregon Court, Torrance, CA 90503. 
| (213) 320-3880. 


We never forget it’s your pocket. 
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Personal Computers in a Distributed 
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The combination of many 

small processors with some 
way to communicate from 
one to another clearly has 

much potential. 
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Since the first microprocessors became 
available | have been convinced that their 
most dramatic applications would be in 
connection with a large-scale communi- 
cations network. The economics of a dis- 
tributed network would suit the individ- 
ualized structure of personal computing. 
The combination of many small processors 
with some way to communicate from 
one to another clearly has much potential. 
Already, the processor technology has 
arrived; but it seems that a simple, inex- 
pensive communications system is not 
forthcoming. Both the telephone system 
and cable TV could be technically work- 
able, but require centralized expenditures 
of large amounts of capital, as well as a 
political commitment to the application. 
My argument is that there is an economic 
and technological short cut to a distributed 
network through use of the radio spectrum 
for communications. 

This article is speculative, in that new 
radio spectrum rules would have to come 
into effect for this network to exist, How- 
ever, | think the idea is technically feasible, 
and the political aspects perhaps provide 
a raison d'etre for a national personal com- 
puting organization. Further, the FCC has 
already validated some of the principles 
involved. 

If participating individuals were to con- 
struct computer controlled VHF trans- 
ceivers around a common set of guidelines, 
and if these radio stations were designed 


to transmit and receive data over a number 
of predefined channels for extended periods 
without operator intervention, such a 
communications network could be achieved. 
In many ways this type of system would 
parallel the 2 meter FM amateur radio 
repeater system, except that data and 
control would be computer oriented, 
Standardization would necessarily be 
defined in a number of areas: frequency 
selection, routing algorithms, communica- 
tion mode encoding, data and communi- 
cation types, character codes and data rates, 
etc. One of the very desirable features 
(for the FCC} would be that the system 
could easily be made to be self-logging 
and self-monitoring. Ideally, the system 
could also be self-policing so that any 
“Citizens’ Computer Radio Service’’ could 
be a mode! for efficient spectrum usage 
with minimum government interaction. 


Why Build a Network? 


What would be the characteristics and 
advantages of such a system? The actual 
mechanics of radio transmission should 
be transparent to the user, The most com- 
mon type of communications would be 
station-to-station relayed data transfers. For 
example, if | were to initiate a data transfer 
(message) from my station, 1 would just 
create the message, define the destination, 
and [et the operating system take over. 
My computer would then find a similar 
station suitable for relaying the message, 
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Figure 1: Conceptual outline of the communications subsystem as a peripheral of the typical personal computer system. The 
system components assumed of the computer are some memory, mass storage which is completely computer controlled (this ex- 
cludes manually manipulated audio cassettes), a terminal and of course, a typical microprocessor. The communications sub- 
system consists of a frequency synthesizer which sets the communications channel used, a transmitter, receiver, antenna switch 
and control logic to interact with the computer. The control logic design can be simple or complex, depending upon how much 
of the "smartness" of the network terminal is incorporated into the personal computing system's programs as opposed to the 
logic of the communication subsystem's controller, The details of the software protocols are well understood in the computing 
field, and examples of radio data communications networks funded by ARPA have been demonstrated quite successfully and 
сап be used as inspiration for this endeavor. 
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Hopefully, any “Citizens 
Radio Service" could be- 
come a model for efficient 
spectrum usage and a 
synergistic interaction of 
individuals across the 
country via computer con- 
trolled relays. 
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and (optionally) return the data path infor- 
mation to me. Full redundant error check- 
ing could be employed to insure data relia- 
bility, a necessity for exchanging software 
through a number of relays. 

Hopefully, regulations affecting these 
communications would not have the restric- 
tions of the amateur radio service regarding 
commercial interest and entertainment con- 
tent. Thus, the network could become a 
truly democratic marketplace with wide 
distribution of a large range of intellec- 
tual products. Some data categories would 
require special transmission techniques. For 
example, data could be defined in such a 
way to make it easily segmentable as a func- 
tion of dynamically available buffers, opti- 
mum transmission rates, or communication 
time windows, 

Another possible use of such a com- 
munications network would be that indi- 
vidual stations could maintain data to be 
accessible by the network, For example, 
suppose an individual has a floppy disk or 
video disk with a library of Star Trek games 
that are public information. Standardized 
file access software would allow any net- 
work user to access these programs directly 
or make his or her own contributions to 
the library. Obviously, such data is not 
necessarily limited to computer programs. 

Essentially, a communications network 
of this sort, if defined with maximum 
generality, would be a multiprocessor sys- 
tem of a unique sort. Advanced individuals 
would undoubtedly give the network arti- 
ficial intelligence attributes, and the system 
might even become evolutionary like Con- 
way's LIFE. What is necessary now is 
discussion of the viability of the idca and the 
creation of any optimal functional speci- 
fication. This is an opportunity for small 
processor hackers to cooperatively produce 
a new and unique entity that would cer- 
tainly have long-term cultural ramifications, 
considering the acceleration of technology. 


Hardware Requirements 


Á reasonable first step towards imple- 
menting this scheme would be to develop 
a useful subset within the present structure 
of radio frequency allocations. И would 
be difficult to have a totally new communi- 
cations service gain regulatory approval and 
user acceptance from a zero start. Probably 
the easiest way to begin would be by using 
amateur radio as an initial vchicle of experi- 
mentation, Obtaining an amateur license 
for VHF privileges is not difficult; Morse 
code proficiency of only five words per 
minute is required along with a basic theary 
test. For the sake of demonstrating the max- 
imum potential for the idea, let's assume 


a fairly elaborate structure for this feasibility 
model. However, it is probably more realistic 
to assume that local groups will put together 
small networks that would suit specific 
needs, later expanding into something closer 
to what will be explored here. 

The hardware could be structured as fol- 
lows: Some spectrum should be dedicated 
to this application, Within amateur radio, 
this amounts to a gentleman's agreement, 
which in the amateur environment has 
generally been a very successful mechanism. 
A portion of the 144 to 148 MHz or 220 to 
225 MHz band would be a good choice. 
Because the higher frequencies presently 
enjoy less use, let's postulate that 224 lo 
225 MHz be set aside for personal com- 
puting. This band could easily be split into 
99 channels at 10kHz separation, from 
224.005 to 224.995. This channel spacing 
should allow data rates up to at least 1200 
bps. A good modulation scheme would be 
audio modulated FM. FM is easy to syn- 
thesize and detect, and audio medulation 
would ailow compatibility with conventional 
modems. Frequency shift keying, while 
potentially narrower than FM, would require 
greater frequency precision to receive 
accurately, 

Frequency determination should be by 
digital frequency synthesis so that the com- 
puter would have direct control over channel 
selection. Because of advances in phase 
locked loops and other integrated circuit 
technology, synthesizers are becoming the 
preferred method of discrete frequency 
generation, even in radios with manual 
control. The next few years will see the 
introduction of complete LSI synthesizer 
systems, many intended for the Citizens’ 
Band market. 

The modem and synthesizer are two 
elements of the communicatians subsys- 
tem that would perform as a peripheral 
device of the personal computer system. 
This device, while basically a МНЕ trans- 
ceiver, must be organized to interact directly 
with the controlling software. For example, 
it could be structured in a way very similar 
to a UART (universal asynchronous receiver 
transmitter) device, with control and data 
registers accessible to the system bus. A 
first in first out data file would be useful 
to relieve some of the data load from the 
processor, although this certainly would not 
be a necessity. The simplicity of a character 
oriented system would have large appeal. 

The communications subsystem probably 
should operate in an interrupt driven mode 
with the processor, again, in much the same 
way as a conventional UART can be wired. 
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With this second article on the brain's 
output control system, we begin a more 
detailed look at the mechanisms by which 
the brain accomplishes some of the func- 
tions which robot systems will also be called 
upon to perform. (À number of the terms 
which are used in this article were defined 
and discussed in the first part which began 
on page 11 last month.) As we reach a 
more concrete level of description of the 
brain's operation, we will encounter many 
pojnts which are not yet entirely resolved, 
and many questions which are subjects of 
dispute between competing theories, Since 
it would seem that the present reader is 
more likely interested in potential applica- 
tions of brain architecture than in the exact 
nature of the debate on fine points of 
physiology, | will simply present the posi- 
tion which seems to me to be most strongly 
supported at the present time. | will also 
make some simplifications where they seem 
warranted by the intended purpose of these 
articles. (To atone for these sins, | will also 
offer a list of references for the reader who 
is interested in: pursuing the subject in 
greater depth.) 

|t seems likely that any robotics system 
will require some kind of output controller 
concerned with the generation and execu- 
tion of patterns of movement in space, and 
the required control systems may be ex- 
pected to range from very simple to very 
complex. The evolution of the biological 
brain of course has also had to solve this 
problem, and it has accomplished it with a 
set of capabilities for control which are 
probably as complex as any that we will be 
likely to encounter for a long time to come. 
The jointed limb scheme which has been 
employed as the chief means of locomotion 
and manipulation in terrestrial animals 
requires a very complex control system. It 
is true that a robot, which is free of such re- 
strictions as an uninterrupted blood flow 


to all of its parts, has other options; wheels 
and treads for example. These devices might 
permit simpler contro! systems, but | would 
like to suggest that for a system capable of 
operation in a generalized environment, 
the jointed limb scheme may be superior. 
Try to picture a wheeled or treaded robot 
scaling a cliff or climbing a tree, or even 
using a stool to dust the bookshelves. Since 
a motion control system which can handle 
the jointed limb scheme can also handie 
simpler systems, it may be most appropriate 
to plan for the future by starting with this 
basic scheme in early designs. 


The Motor Control System 


With regard to the actual mechanisms 
which are to be controlled, it is interesting 
to note that they are of only two basic 
types. The only two things that you are 
capable of doing are contracting a muscle 
and releasing glandular secretions, period. 
Everything else is only some combination 
of these two. Muscles and glands are the 
only devices to which the brain interfaces. 
In the present discussions we will concern 
ourselves exclusively with the muscles and 
the system which controls them, usually 
called the “motor control system." 

There are two fundamental principles 
employed in the brain's motor control sys- 
tem. The first is to buffer each [evel of com- 
mand with subprocessors which interpret 
the commands from higher levels as objec- 
tives; and compute appropriate outputs for 
achieving the objectives, while taking into 
account local feedback inputs and environ- 
mental information. À whole series of such 
steps is employed, with the "objectives" 
becoming more concrete at each stage. In 
this fashion, a pyramid of processors is 
defined which can accept very general 
directives and execute them in a reflex 
fashion with quite considerable flexibility 
in the face of varying loads, stresses and 


Part 2: How the Brain Controls Outputs 


other perturbations. This system by itself 
is quite capable of things such as bipedal 
locomotion with maintenance of balance 
on uneven terrain. lt cannot, however, 
operate in a goal directed fashion. 

The second principle of the motor con- 
trol system involves the operation of higher 
level systems which generate output 
Strategies in relation to behavioral goals. 
This principle is the division of output tasks 
on the basis of their relation to input infor- 
mation rather than type of motion required. 
We shail examine some specific examples 
which illustrate each of these ideas. 


Kinesthesis 


The operation of the motor control 
command chain depends heavily on certain 
sensory inputs which provide feedback and 
status information for moment to moment 
operations, and it is appropriate to begin 
our investigation of output with a look at 
these inputs. Perform this small experi- 
ment. Close your eyes and put one hand 
somewhere out in front of you, then touch 
it with your other hand. Most people have 
no difficulty doing this quite accurately. 
The question is how, with your eyes closed, 
could you guide your hands to the right 
spatial locations? The answer is that we have 
a number of special sensory systems of 
which most of us are not even aware. These 
senses have the primary purpose of inform- 
ing the brain's output control processors 
of things such as the relative positions of 
the limbs, the tensions of the muscles, the 
acceleration of the body in different direc- 
tions, etc. Most people are unaware of these 
senses because they do not have a conscious 
content or "experience" associated with 
them, as do senses such as vision and smell. 
Nonetheless, they are among the most 
extensive and intricate sensory systems of 
the brain, and when they are damaged, the 
results are immediately apparent. With 
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damage to the systems which report limb 
position, some people are unable to carry 
out the small experiment you just per- 
formed. In fact, such people are generally 
unable to execute any muscular action 
correctly without constantly watching what 
they are doing. 

The sensory system which reports on the 
status of the limbs is called kinesthetic sense, 
or kinesthesis, and it handles three sorts 
of information. These are joint angle, 
degree of load on a muscle, and degree of 
Stretch or extension of the muscle. These 
three types of input information are used at 
various levels of the motor system to control 
sequencing and provide feedback infor- 
mation. This is another instance where place 
coding specifies the particular unit and type 
of quantity in question, and frequency 
coding carries the intensity information. The 
transducers which translate these quantities 
into neural impulse streams need not be 
discussed in detatl since adequate mechanical 
counterparts are readily available. 


Vestibular Sensory Inputs 


The other sensory system which is strong- 
ly related to the brain's output control is 
the vestibular sensory system. This is the 
system responsible for the “sense of 
balance" among other things. Specifically, 
it provides continuous readout of the in- 
clination of the head with respect to gravity, 
and the acceleration of the head in three 
perpendicular planes. This sensory system 
is located in a single set of transducers on 
either side of the head near the middle ear, 
rather than a multitude of transducers 
distributed through the body as is the case 
with the kinesthetic sense. Although the 
output therefore only refers to the head, the 
position of the head with regard to all 
other parts of the body can be computed 
from the information provided by 
kinesthetic inputs. Accordingly, the output 
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Figure 1: Some important parts of the lower motor neuron (LMN) circuitry 
which has final control over muscle contractions. See text for an extended 
discussion of this low level closed loop feedback system. 
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of the vestibular transducers is made widely 
available throughout the system as input to 
most of the high and low level motor proc- 
essors. In this case too, the existence of 
easily available transducers for such quanti- 
ties makes it unnecessary to discuss them in 
detail. Any device capable of reading out 
inclinations and accelerations will do when 
designing our robots. 


The Typical Joint: a Control System 


In most cases, muscles work in opposing 
pairs, one to open or extend a joint and one 
to flex or close it. This is necessitated by 
the fact that muscles can only exert force 
in one direction (contraction). Figure 1 
demonstrates the arrangement for a typical 
joint. This diagram also shows some of the 
neural elements which control the con- 
traction of these muscles. The principal 
neuron of this system, the one which pro- 
vides input to most muscle fibers, is called 
a lower motor neuron, and is labeled L in 
figure 1. This type of neuron (and the other 
neurons associated with it) is located in the 


spinal cord, and is the final processing stage 
before output to the actuator. This little 
system is a good place to illustrate some of 
the principles of the brain’s motor organi- 
zation. We shall refer to the lower motor 
neuron and its associated elements as an 
"LMN system." Basically, LMN systems 
must accept commands from a multitude of 
other systems which desire access to the 
muscle in question, attend to them accord- 
ing to their priority, modify them according 
to inputs from kinesthetic and vestibular 
systems as well as status information from 
related LMN systems, provide an appropriate 
output to the muscle, and make their own 
status information available to other sys- 
tems. There are a great many LMN systems 
in the spinal cord. Every muscle is composed 
of thousands to millions of fibers, and in 
the case of muscles used for precise opera- 
tions, there may be an LMN system for each 
individual fiber. In other cases, a single LMN 
system may control many fibers of a muscle. 

In a practical robotics application, | 
see no reason why a single servo actuator 
and “LMN” processor for each joint would 
not suffice. There are reasons why a single 
processor for many joints is less practical, 
but before addressing this issue, let us ex- 
amine the LMN system to see what sorts of 
things it does. 

In figure 1, for clarity, we show only a 
single LMN driving each muscle. The degree 
of contraction of the muscle is proportional 
to the output pulse frequency of the LMN; 
the higher the frequency, the stronger the 
contraction. The circuit shown on the right 
illustrates the simplest type of protective 
spinal reflex; a pain receptor in the skin 
(P) fires a neuron in the LMN system which 
fires the LMN driving the flexor muscle. 
This simple high priority operation quickly 
removes the limb from danger. Inhibitory 
cross connections of the LMNs driving the 
two muscles insure that they do not act 
antagonistically; one relaxes as the other 
contracts. This reciprocal circuitry is 
generally active in all LMN operations unless 
specifically overridden. Not shown are out- 
puts which inform higher centers of this 
action to allow for the necessary corrective 
action of other muscles and limbs which 
must take up the redistribution of weight, 
counteract shifts in center of gravity, etc. 

Inputs to the LMN system from higher 
centers may request a variety of actions, 
such as holding a particular position, moving 
to a specified position, moving with a par- 
ticular velocity, etc. The LMN attached to 
the extensor muscle on the left in figure 1 is 
shown with some of the associated neurons 
which are involved in the process of carrying 
out these instructions while compensating 
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for external loads. Note that there is a 
special muscle fiber (S) which receives its 
input from the small motor neuron (G) 
rather than from the LMN driving the other 
fibers in the surrounding extensor muscle. 
This special fiber is part of the transducer 
system for a kinesthetic monitor af muscle 
stretch. There is a sensory neuron (I) which 
has an input attached to the S fiber, and this 
neuron is fired when the S fiber is subjected 
to stretch, at a rate proportional to the de- 
gree of stretch. Since the S fiber is mechan- 
ically attached to the rest of the muscle, 
it is stretched or relaxed by inputs or forces 
which extend or contract the main muscle, 
as well as by its own private input signals 
from neuron G. The axon of the | neuron 
makes an excitatory synapse on the LMN, 
thus increasing its drive when the S fiber 
is stretched. Since increased output by the 
LMN tends to contract the main muscle and 
relieve the stress on fiber S, we have a nega- 
tive feedback loop. 

Suppose that the higher centers in the 
system wish the LMN system to maintain 
a particular angle on the joint. This is speci- 
fied by a set of constant inputs from above 
(X) to the LMN, and to neuron б, Now 
suppose that a stress such as increased load 
in the hand is suddenly applied to the joint. 
This will tend to flex the joint further, 
causing the extensor muscle to be stretched 
beyond the specified degree of contraction. 
This in turn stretches the S fiber and in- 
creases the output of neuron |, and thereby, 
the output of the LMN, The resulting in- 
crease in contractile force af the muscle 
compensates for the increased load. This 
allows the system which requested the 
maintenance of joint angle to remain ig- 
norant of loading conditions and 
fluctuations. 

On the other hand, a new input to 
neuron G can cause the S fiber to contract 
independently of the drive to the main ex- 
tensor muscle, thereby increasing the output 
of the | fiber for the same degree of ex- 
tension of the main muscle. This defines a 
new "set point" for the system. (Hence the 
need for a separate joint angle kinesthetic 
system for output to higher systems which 
don't want to untangle the effects of inputs 
to G on outputs from |.) 

From this point, it is clear that the nor- 
mal considerations of control theory are 
applicable, and it does not matter whether 
the system is neural or electronic. For ex- 
ample, in this system the mechanical re- 
sponse time of the muscle and joint, which 
are in the feedback loop, may be slow com- 
pared to the response time of the neural 
elements. 1n this as in any other system, 
that means that instability and oscillation 


may result if the system gain does not roll 
off at higher frequencies. This roll off is 
accomplished by the small neuron R which 
produces a fast self-inhibitory action on the 
LMN with each LMN output pulse. At iow 
input pulse rates from higher systems, 
the weightings of the synaptic contacts (as 
described in last month's article) is such that 
the pull down from firing threshold in the 
L cell produced by the R cell's input has 
substantially decayed away before the next 
positive input arrives, and thus has no effect 
on it. At higher input frequencies however, 
the positive input pulse will encounter 
increasingly greater antagonism from the 
recurrent negative input produced via R by 
the preceding output pulse, and will thus 
be less effective in bringing the axon hillock 
above threshold. This effectively reduces 
the gain of the system progressively as 
higher frequencies are approached. 


Fitting Lower Motor Neurons inte a Larger 
Context 


Looking at the LMN system in the con- 
text of the whole hierarchical motor out- 
put system, it is apparent that the brain is 
using a ‘‘temporal byte” of frequency coded 
analog information to specify information 
about degree or quantity of action. In addi- 
tion, the set of all of the input lines to the 
numerous LMN systems constitutes а 
“spatial byte," or place code, which is 
essentially digital in character, and in which 
the selected lines (bits) select the set of LMN 
systems which are addressed and thereby 
determine the nature of the movement to be 
performed, but not its speed, force, etc. 

At first glance, it would seem reasonable 
to try to model the behavior of the LMN 
system with an analog device such as an op 
amp with a feedback loop. In practice, such 
an analog device might be quite tricky since 
the LMN system must integrate inputs from 
a wide variety of sources with different 
priorities. А real LMN has about 10,000 
synaptic inputs. There is also the difficulty 
of encoding the analog information from 
other systems. Given that we wil! have many 
fewer LMM туре units to worry about, it 
may be more practical to do both addressing 
and value transfer with digital techniques. 
This would suggest a digital processor of 
some simple type to replace the LMN unit 
rather than the op amp, and it may be that 
this would in the long run be the easiest 
way of dealing with the interactions of the 
various inputs to the system. 

The next question that arises is, why not 
use one processor at high speed to run all 
the joints? There are several considerations. 
One that is immediately obvious is relia- 
bility. If one LMN system is lost, the others 


The end of Kit-Kits. 


The end of bad solder joints, heat damaged 
components and sick IC's. Introducing the 
Semikit. Item, a 16KRA Memory Board,:369. 


Let's face it. Loading and 
soldering PC Boards is not much fun 
for the kit builder. Even more 
important, its the place where most 
of the trouble gets introduced. The 
real fun and education comes in 
running and testing boards. 


Now the Semikit with fully 
tested ICs. 

At the price of a kit, Processor 
Technology Corporation introduces 
the Semikit. Its a fully stuffed, 
assembled and wave soldered PC 
Board loaded with IC’s that have 
gone through Q.C. and final check- 
out (a first in the industry). 

We leave you the fun of testing 
with our fully documented set of 
instructions. We do the production 
tasks of loading, wave soldering and 
inspecting the boards. You do the 
more interesting and time 
consuming chore of testing and 
burning-in the boards. 

The result is one sweet deal for 
both of us. You get a board where 
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the primary causes of damage (poor 
solder joints, excess solder and bad 
IC) are virtually eliminated. You 
get a board of highest professional 
quality. And we get the business! 


The 16KRA Memory Board's 
at your dealer now. 

Your Processor Technology 
dealer has the first Semikit, a 
16KRA Memory Board, in stock and 
ready to go right now. You can 
take it home tonight for $369 as a 
Semikit or for $399 fully assembled, 
tested and burned-in. 

You'll have a 16,384 byte memory 
with a better price performance 
ratio than anything on the market 
today. Now you can afford to add 
quality, high density memory to your 
system for remarkably little. And 
you can add enough to solve com- 
plex computing problems right in 
the main frame. 

The memory features invisible 
refresh. Theres no waiting while the 
CPU is running. Worst case access 


time is 400 nsec. Each 4,096 word 
block is independently addressable 
for maximum system flexibility. 
Power is typically 5 watts, the 

same as most single 4K memory 
modules. Back-up power connection 
is built-in. 

Other Semi's are coming 
your way. 

The 16KRA Memory is 
Processors first step in adding more 
fun, capability and reliability to 
your computer system at lower cost. 
Other modules are on the way to 
your dealer now. Come on 
down today. 

Or you may contact us directly. 
Please address Processor 
Technology Corporation, Box B, 
7100 Johnson Industrial Drive, 
Pleasanton, California 94566. 
Phone (415) 829-2600. 
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Figure 2: Principal ele- 
ments of the cerebellar 
cortex. The output cells 
(P) are fired in sequence 
by pulses traveling down 
the parallel fiber axons 
of the input cells (G). 
Each input axon selects a 
set of output cells for 
activation, and time delays 
in the parallel fiber axons 
help establish sequences 
of outputs. Other cells 
(O) handle interactions be- 
tween elements of this 
cortex. 
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can take compensatory measures almost 
automatically. Second, since the output of 
each LMN system is a factor in the output 
of each of the others, and since the LMN 
system is a part of several otherwise distinct 
feedback loops, a single central processor 
system would have to be quite complex. 
Essentially it would face the solution of a 
number of simultaneous differential equa- 
tions, or else have to deal with each com- 
ponent motion in sequence. This sort of 
sequential operation would produce a slow, 
jerky "movie robot," because each action 
would have to be completed to obtain the 
results as input data for computing the next 
action. A processor with sufficient speed, 
sophistication and core to handle the differ- 
ential equations might well be more complex 
and costly than the multiple simple parallel 
processor approach. At the other extreme, 
which the brain has apparently found to 
be the best approach, programming would 
be a very simple test-operate-test-exit 
sequence, In which the actions of other 
units performing other actions simultaneous- 
ly are entered as data each time around the 
loop. The moment we break out of this 
sequence to handle several "simultaneous" 
operations with a serial set of such se- 
quences, things get more complex. However, 
at processor speeds it should certainly be 
possible to do some of this without doing 
much more than adding a little scratch pad 
memory to the simplest robot system's 
ROM. The best compromise for a robot 
remains to be demonstrated. Finally, a hier- 
archical system with Interactive parallel units 
at the bottom frees the upper levels of the 
system to engage in coordinating the actions 


PARALLEL FIBER AXON 


Gp AXON FIBER 


G) AXON FIBER 


Go AXON FIBER 


INPUT AXON 


of the lower parts into complex actions of 
the entire organism or device. This function 
by itself may require substantial processing 
power and time without the added burden 
of those jobs which the brain delegates to 
the LMN systems and their immediate 
superiors. 


Reflex Automatons 


This organization of LMN units and their 
"supervisors" forms a reflex machine 
capable of quite elaborate motion control 
and generation (although it does not initiate 
motion except in response to high level 
commands, or as a predetermined response 
to specified sensory inputs). It is essentially 
an automaton, but a very complex one. The 
organization of the hierarchy is quite con- 
ventional, and similar to a military command 
chain. The processing elements which have 
the responsibility for coordinating the move- 
ments of different limbs, for example, out- 
put control commands to the LMN units at 
the focal level, rather than to the muscles 
directly, and leave the LMN units to handle 
the details. They in turn receive orders from, 
and report to, processing units that are con- 
cerned with coordination of whole body 
actions, the maintenance of posture and 
balance, and so on. Its major departure 
from a “command chain” model is the exis- 
tence of elaborate lateral information trans- 
fer between processing elements at the same 
level in the hierarchy. The operational 
principles at each level are quite similar to 
those we have examined in detail in the 
LMN units which form the lowest rank in 
the system. 

In the brain, this hierarchical system is 

Continued on page 146 
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In this magazine, alone, there are probably a dozen 
ads for small computers. New companies are breaking 
ground like spring flowers. 
How, then, do you determine which computer offers the 
features you need most...at the price you can afford? 
We'd like to propose seven basic questions to help you 
make an intelligent decision. 


How complete is the 


computer system? 


Many buyers of small computers are in for a rude 
awakening when they have to spend additional money 
for interfaces. 
The Sol-20 Terminal Computer was the first complete 
small computer system. Everything you need to make 
it work is included in the basic package. 


Is powerful system 


software available? 

It won't do if your system is "tongue-tied? 
Processor Technology Corporation has devoted 

more effort to the development of software than any other 

smal! computer maker. Our latest offering is the first 

fully implemented disk operating system for a small 

computer: PTDOS. It contains over 40 major commands, 

several languages and numerous utilities. Our high 

level languages include Extended BASIC, Assembler, 

FORTRAN? FOCAL and PILOT* 


Is the system easy 
to expand? 


More and more computer owners are 
expanding their small computers to handle business and 
other specialized requirements. 

The largest Sol system can handle 64K bytes of RAM 
memory and operate with a three megabyte on-line 
disk memory. Sol systems use the S-100 Bus. So you can 
use a wide variety of hardware. 


* Available soon. 


Seven points 
to consider 
=) you buy your 
mall computer. 


Is the computer 
well-engineered? 


Qur Sol systems are the most conservatively 
rated and ruggedly built in the industry, period. In 
addition we designed them with you, the user, in mind; 
Sols are easy to build and a joy to operate. 


Does it have proven 
reliability? 
What is the track record? There are over 


5,000 Sol systems in the field. Our track record for reliable 
performance is unparalleled in the small computer field. 


Does it have good 
factory support? 


À computer is a complex piece of hardware. 
So you want to be sure it is backed up with complete 
manuals, drawings and a factory support team that cares. 

Processor Technology offers the most extensive 
documentation of any small computer manufacturer. And 
we maintain a patient, competent telephone staff to 
answer your questions. 


Are maintenance and 


service people accessible? 
E Where are they located? 

Processor Technology has maintenance and service 
people in over 50 cities around the U.S. 

As you continue turning the pages, see how we stack up 
to the other computers in this magazine. If we've 
succeeded in whetting your appetite, see your Sol dealer 
or write for information on the complete family of 
Sol computers. 

Processor Technology Corporation, Box B, 

7100 Johnson Industrial Drive, Pleasanton, CA 94566. 
(415) 829-2600. 
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Collector's 
item 


The first 16 issues of BYTE — 


September, 1975 through December, 1976 — 


in two gold embossed hard cover volumes. 


$100 9 


complete set — 
two volumes 


These individually numbered sets are person- 
ally signed by Car T. Helmers, Jr., Editor-in- 
Chief of BYTE. 


As only 100 sets will be offered for sale, orders will be han- 
dled strictly on a first-come first-served basis. Send in the 
coupon today! These early issues of BYTE are packed with 
articles by your favorite writers: 

Helmers, Fylstra, Ryland, Dittrich, Chamberlin, Lancaster, 
Maurer, and many more. 


Carl T. Helmers, Jr., 


For your personalized set of BYTE's first 16 issues mail this Editor-inChief, BYTE Magazine 
coupon today! Pap j 


Mail to: BYTE Publications, Inc. 
70 Main Street * Peterborough * N.H. 03458 


Yes, rush me my numbered and personalized 2-volume set of the first 16 issues of BYTE. 
O Check enclosed for $100.00 І 

О Bill BankAmericard/Visa [] Bill Master Charge - 

Card Number ———____________________- Expiration Date i 
Signature ——— —— —————————————————————— Name (please print) ў 
Address i 
Giy = — G — 2p { 
i 

3l 
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ҮТЕ Bugs 


Entomological Archives 


We like to set the record straight 
about bugs whenever we can, even the 
old variety. With this in mind, we point 
out that there is a bug in figure 3 of the 
June 1976 article, "Building an M6800 
Microcomputer? (see page 45). The 
Mikbug PIA {IC11} is shown with pins 
2 and 9 reversed; pin 2 (PAQ) should be 
the output to pin 2 of !C16; and pin 9 
{РА 7) should be the input from pin 8 
of 1015. Our thanks to author Bob 
Abboit for this information. Bob sent 
ir to us over a year ago, bul it got lost 
in the limbo of our files. 


Random Errors 


John D Leasia PE 
2005 N Wilson Av 
Royal Oak MI 48073 


Unfortunately, ihe pseudorandrom 
number generator shown in page 218 
of the November 1977 BYTE will not 
generate a complete set of numbers [rom 
00 to FF as stated. The error lies in the 
programming, not in the method. Num- 
bers ending in 2, 3, 6, 7, A, B, E and F 
cannot be obtained. 

As programmed, the seed is multi- 
plied by 11, not by 13. In the 6800 
program, if the opcodes at addresses 
0005 and 0006 are interchanged, the 
program will correctly compute all 
256 numbers without a repeat. Inter- 
estingly enough, as programmed, exactly 
half of the possible numbers are gener- 
ated with no repeats. The missing 1s end 
in the digits shown above, which group 
in 25. 

| found it necessary, on my KIM-T, 
to clear the carry before each add aper- 
ation. Otherwise the program would 
repeat before all 256 numbers were 
generated. 

My program requires additional bytes 
due to the addition restrictions of the 
5502: 


Address Hexadecimal Code 
o000 Ds 
000% АБ 12 
0003 OA 18 
0005 65 12 
0007 ОА ОА 
0009 18 
000A 65 12 
ооос 18 
0080р 69g 01 
DOOF 85 12 
0011 60 
0012 XX 


Bugged Tidbit 


In your October 1977 issue, the pro- 
gramming tidbit on page 174 to sub- 
stitute for the absolute value function 
will not detect the condition when 
(A- B) is negative and within the interval 
specified by a positive delta. To correct 
yaur instruction you will need another 
constant: NDELTA = - DELTA to test 
(A B) when it is negative. À shorter 
alternative for the whole instruction 
would be: 


tif ((A- B) € DELTA 
and (В-А) < DELTA! 
then 


If you look long and hard at your in- 
struction, you will notice two missing 
right-hand parentheses. |'m sure you 
know only too well how such slips 
inspire an old-maidish compiler to nag, 
nitpick and fuss. 


Victor Kincannon 
720 Coolidge St 
Fennimore WI 538098 


A Slightly Sour SWEET 16. 


John Feagans from Commodore 
Business Machines Inc has detected a 
slight bug in the program listing of the 
SWEET16 interpreter (see *"ЅМЕЕТІЄ: 
The 6502 Dream Machine" by Stephen 
Wozniak, BYTE November 1977, page 
151). The program, which normally 
starts at location F700 in hexadecimal 
on the Appie computer, was reassembled 
to start at location 0800 for the listing 
in the article. But the symbol 516РАС, 
which defines the high order byte of 
the address pushed on the stack for the 
RTS instruction as described on page 
152 of the article, should have been 
changed from hexadecimal F7 to 08. 

Ed Voightman, Dept of Chemisty 
at the University of Florida, also spotted 
the bug. E 


Op Cade Commentary 
CLD ; Clear decimal 
LDA RND ; Load N 
ASL CLC ; Multiply by 2 
ADC RND ; Add № 
ASL ASL ; Multiply by 4 
CLC { 

ADC RND ; Add N = 13N 
CLC ; 

ADC# 01 > Add 1 = 13N+1 
STA AND ; Store in RND 
RTS ; Return 

RND ; Seed location 
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Your 
Sol dealer 
has it. 


AZ: Tempe: Byte Shop, 813 N. Scottsdale, 
(602)894-1129; Phoenix: Byte Shop, 12654 N. 
28th. (602)942-7300; Tucson: Byte Shop. 2612 
E. Broadway, (6021327-4579. CA: Berkeley: 
Byte Shop, 1514 University, (415)845-6366; Citrus 
Heights: Byte Shop, 6041 Greenback, (916) 
961-2983; Costa Mesa: Computer Center, 1913 
Harbor, (714)646-0221; Hayward: Byte 

Shop. 1122 "B" St., (415)537- 2983; Lawndale: 
Byte Shop, 16508 Hawthorne, (213)371- 2421; 
Orange: Computer Mart, 633- B W. Katella, (714) 
633-1222; Pasadena: Byte Shop, 496 5. Lake, 
(213)684- 3311; Sacramento: Micro-Computer 
Application Systems, 2322 Capitol, (916) 
443-4944; San Francisco: Byte Shop, 321 Pacific. 
(415)1421-8686; San Jose: Byte Shop, 2626 
Union, (408)377-4685; San Rafael: Byte Shop, 
509 Francisco, (415)457-9311; Tarzana: Byte 
Shop, 18423 Ventura, (213)343-3919; Walnut 
Creek: Byte Shop, 2989 N. Main, (415]933-6252. 
CO: Boulder: Byte Shop, 3101 Walnut, (303) 
449-6233. FL:Ft. Lauderdale: Byte Shop, 1044 
E. Oakland Pk.. (305)561- 2983; Miami: Byte 
Shop, 7825 Bird. (305)264- 2983; Tampa: 
Microcomputer Systems, 144 So. Dale Mabry, 
(813)879-4301. GA: Atlanta: Computer Mart, 
5091-8 Buford, (404)455-0647. 1L: Champaign: 
Computer Co., 318 N. Neil, (217)359-5883; 
Numbers Racket. 623% S, Wright, (217)352- 5435; 
Evanston: itty bitty machine co, 1322 Chicago, 
(312)328-6800; Lombard: itty bitty machine co, 
42 W. Roosevelt, (312)620-5808. IN: 
Bloomington: Data Domain, 406 S. College, (812) 
334-3607; Indianapolis: Data Domain, 7027 

N. Michigan, (317)251-3139. ТА: Davenport: 
Computer Store, 4128 Brady, (319)386- 3330. 
KY: Louisville: Data Domain, 3028 Hunsinger, 
(502)456-5242. МІ: Ann Arbor: Computer 
Store, 310 E. Washington, (313)995-7616; Troy: 
General Computer Store, 2011 Livernois, (313) 
362-0022. MN: Minneapolis: Computer Depot, 
3515 W. 70th, (612)927-5601. NJ: Hoboken: 
Computer Works, 20 Hudson PI., (201 )420-1644; 
Iselin: Computer Mart, 501 Rt. 27, (2013283-0600. 
NY: New York: Computer Mart, 118 Madison, 
(212)686-7923; White Plains: Computer Corner, 
200 Hamilton, (914)949-3282. NC: Raleigh: 
ROMs 'N' RAMs, Crabtree Valley Mall, (919) 
781-0003. OH: Columbus: Byte Shop, 2432 
Chester, (614)486-7761; Dayton: Computer 
Mart, 2665 S. Dixie. (513)296-1248. OR: 
Beaverton: Byte Shop, $482 SW Cedar Hills, 
(503)644-2686; Eugene: Real Oregon Computer 
Co. 205 W. 10th, (503)484-1040; Portland: 

Byte Shop, 2033 SW 4th Ave., (503]223-3496. 
RI: Warwick: Computer Power, M24 Airport Mall, 
1800 Post Rd.. (401)738-4477. SC: Columbia: 
Byte Shop, 2018 Green, (803)771-7824. TN: 
Kingsport: Microproducts & Systems, 2307 E. 
Center, (615)245-BOB1. TX: Arlington: 
Computer Port. 926 N. Collins, (B17)469-1502; 
Houston: Computertex, 2300 Richmond, 
(713)526-3456; Interactive Computers, 76467 
Dashwood, (713)772-5257; Lubbock: 
Neighborhood Computer Store, 4902-34th St.. 
(806)797-1468; Richardson: Micro Store, 

634 So. Central Expwy., (214)231-10965. МА: 
McLean: Computer Systems Store, 1984 

Chain Bridge, (703]821-8333; Virginia Beach: 
Home Computer Center, 2927 Va. Beach 
Blvd.,(B804)340-1977. WA: Bellevue: Byte Shap, 
14701 NE 20th, (206)746-0651; Seattle: Retail 
Computer Store. 410 NE 72nd, (206)524-4101. 
WI: Madison: Computer Store, 1863 Monroe, 
(608)255-5552; Milwaukee: Computer Store, 
6916 W. North, (414)259-9140. D.C.: 
Georgetown Computer Store, 3286 M St. NW 
(203]862-2127, CANADA: Ottawa, Ont: 
Trintronics, 160 Elgin, (613)236-7767; Toronto, 
Ont: Computer Mart, 1543 Bayview, (416) 
484-9708; First Canadian Computer Store, 44 
Eglinton Ave. W., (416)482- BOBO; Computer 
Place, 186 Queen St. W. (416)598-0262: 
Vancouver, B.C.: Basic Computer Group, 1438 
E. 8th, (604)736-7474; Pacific Computer 

Store, 4509 Rupert, (604)438-3282. 
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А reasonable first step 
towards implementing this 
scheme would be to de- 
velop a useful subset 
within the present struc- 
ture of radio frequency 
allocations, It would be 
difficult to have a totally 
new communications 
service gain regulator 
approval and user accept- 
ance from a zero start, 
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Also, there should be some hard wired func- 
tions implicit in the communications sub- 
system to ease the burden on the processor. 
Indeed, control of the subsystem might be 
a function to be delegated to a dedicated 
subprocessor. The communications subsys- 
tem controller must: operate the transmitter 
and receiver, communicate with the main 
personal system processor, direct data to 
the synthesizer, recognize special signals, 
send control signals to the modem, detect 
busy channels, respond to "home" and 
"scan" modes, allow manual interaction, 
derive status information, and maintain 
data and control registers or buffers. There 
are probably many other functions that 
could be allocated to the subsystem de- 
pending on the intelligence and complexity 
the designer desires or can afford. Using a 
dedicated microprocessor in the subsystem 
design would have the traditional advantage 
of easy expansion of functional capability. 
However, most of these functions could also 
be carried out in main processor's soft- 
ware, which would make the communica- 
tions subsystem a simpler peripheral. 


Software Considerations 


So much for the basic hardware, Even if 
the communication subsystem has its own 
dedicated microprocessor, most of the net- 
work intelligence will be communications 
operating system software. It is this software 
that will determine what to do when the 
operator creates a communications module, 
Without resorting to complicated notational 
devices, a communications module is simply 
a command or a message; and the message 
is command(s) and data together. Com- 
mands could be oriented toward data trans- 
fer, such as, “Send the following data 
to ." or "Do you have data named 

?", Commands could control the 
current operating status; eg: "Do not accept 
data for relay; monitor broadcast data 
only." or could reflect manual control, 
"Go to channel 22." Commands would be 
segregated into two types: internal and 
external. Internal commands would be 
intended for one's own system only, al- 
though standardization would certainly 
occur and be useful. External commands, 
on the other hand, would require standard- 
ization because they would be transmitted 
as part of a message and would control 
the handling of the data by other stations, 

Besides handling explicit commands, the 
operating system must have other intelli- 
gence. A primary consideration is that 
each system should know its physical 
and logical location in the network so that 
appropriate relays can be worked out. 
If the initial experiments are carried out 


over a limited area so that everyone can 
directly communicate with everyone else, 
the physical map can be ignored. But even- 
tually the participants will become spread 
out enough to require the software to deter- 
mine the best direction in which to initiate 
a relay. One aspect of having lagical and 
physical maps imbedded in the operating 
system is that each system will have some 
sort of address associated with it so that 
it can be accessed through the network. 
The address could be an encoding of the 
actual location (physical or logical) within 
the system, analogous to a phone number 
or mailing address; or it could be an entry 
point to a table of relevant data, such as an 
amateur radio call sign. Since the logical 
structure of the network would be some 
sort of tree, an explicit address code could 
be a sequential list of tree branches for- 
matted into a numerical code, 

The software will define how the chan- 
nels in the allocated spectrum are used. 
One technique that could be very success- 
ful is that of defining a special frequency 
for establishing initial contact between 
two stations. After this communication has 
been completed, the stations involved in 
the particular transfer can use other fre- 
quencies. Having such a standardly defined 
"monitor channel" greatly simplifies the 
logical structure of the network because 
it allows for open-ended participation by 
interested systems. If such a channel was 
not used, the continuity of the network 
might very well depend on stations meet- 
ing on particular channels by prearrange- 
ment or assignment. Thus, all systems not 
actively using the network would configure 
the communications subsystem to monitor 
a single channel and interrupt the central 
processor when the channel became active, 
Response delays could be assigned or de- 
termined dynamically so that not all moni- 
toring systems would simultaneously reply 
to a network request signal. 

Once contact has been established a 
software algorithm must determine the 
next action, Although present law requires 
the presence and control of a person operat- 
ing this radio station, the ultimate useful- 
ness of this sort of distributed network 
will depend on demonstrating the feasibility 
of a completely computer controlled sys- 
tem. At this point in the control flow it 
would be useful to discuss filtering, a type 
of algorithm in which information about 
a message is used to contro! the transfer 
of the message. One type of filtering has 
already been discussed, ie: routing infor- 
mation. |f there were other alternatives, 
a message would not be relayed through a 
station in the opposite direction from the 


Volumes 
VI & VI 
are finally 
released! 


Volume VI 


Yes and it still contains what was previously 
advertised. A fully disk interactive business 
package with A/R, Inv., A/P, ledgers, tax totals, 
payroll records, more. 


Аз a bonus it also con dde pec Manual for 
our Firmware Ledger Package, These 100 extra 
pages contain report formats, file creation rou- 
tines and our very powerful program ACBS1 used 
to create the powerful file structured data base. 


$49.95 


Volume VII 


Here is that Chess program you have been 
waiting for as well as a disk interactive Medical 
Billing package with patient history file. 


Also included is our disk interactive Word 
Processing package 


(revision 0). 
$39.95 


Add $1.50/Vol. tor U.P.S. and handling except to APO and PO addresses. 
Foreign orders add $8/Vol. for air shipment — US dollars only. No purchase 
orders over $50. 


VOLUME 1 — $24.95 
VOLUME И — 24.95 
VOLUME Ill — 39.95 


VOLUME IV — 9.95 
VOLUME V — 9.95 


OUR SOFTWARE IS COPY- 
RIGHTED AND MAY NOT BE 
REPRODUCED OR SOLD. 


Due io the numerous copyright violations on 
our earlier volumes — until further notice we 
are offering a REWARD leading to the arrest 
and convictlon of anyone reproducing our 
software In ANY way without our written 
parmission. This includes diskettes, paper and 
Magnetic taps, cassettes, records, paper 


te 


SCIENTIFIC 
RESEARCH 


220-B Knollwood 
Key Biscayne, FL 33149 


Phone orders 800-327-6543 
Information 305-361-1153 


í , 
AVAILABLE AT MOST COMPUTER STORES 


BANKAMERICARO 
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Figure 2: Control flow of 
a basic relayed transfer. 
This is an oversimplifica- 
tion of a two party trans- 
action. Station А wants to 
send a packet of data to 
station B. А more complex 
situation exists in the case 
where A is sending data to 
some s ation Z which has 
no direct contact pos- 
‘ible; then B might be the 
first link in a multiple 
station relay of the data. 
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Station A initiates a network request an the 
monitor channel, 


Available stations reply after a response 
delay. A valid response from station B locks 
the monitor channel. 


Stations 4 and B move to a suitable work 
channel and transfer data from А to В. 


Data is processed and both stations return 
to monttor mode. 


destination. There are many other ''filter- 
able" parameters that are dependent on 
message content. A specification of the 
universe of possible destinations would allow 
some transfers to be designed as data for a 
specific addressee, and thus of interest 
only to that individual or to relaying sys- 
tems. On the other hand, data could also be 
declared to be of general interest, which 
would be an invitation for all those inter- 
ested to monitor the data transfer even if 
it was necessary for only one system to 
assume responsibility for  relaying the 
information. 

Such “addressed” and "broadcast" mes- 
sage types are at the extremes of the filter- 
ing spectrum. Ав more and more data 
is transferred on the network, it will become 
more desirable to be selective about how 
the information is handled. At first, it will 
be very attractive to accomplish the filter- 
ing on the monitor channel, but this would 
be very sensitive to the mean wait of time 
of this frequency. Thus, as network use 
increases, a hierarchy of filtering will de- 
velop. The monitor channel would support 
filtering based on the ability and desire 
of answering stations to handle the type 


and quantity of the transfer involved, as 
well as selectivity based on the priority 
of the network request. This latter param- 
eter would allow emergency messages and 
certain types of technical diagnostics (a 
shutdown command from the FCC, for 
example) to receive maximum attention, 
Conversely, distribution and interest codes 
would probably be best filtered off the 
monitor channel. 


Interference Problems 


Another problem ihat will develop as 
communications density increases is inter- 
ference between stations. This is not a trivial 
problem because the control algorithms will 
not be nearly as flexible in working around 
interference or interpreting garbled dala às 
human operators. However, several ap- 
proaches do seem feasible. The most basic 
method is simply to search and wait, with 
a very sensitive channel busy detector that 
would eliminate any possibility of inter- 
ference once a clear channel is located. An- 
other scheme would involve time multiplex- 
ing so that stations being inadvertently 
jammed would have a specific time lo com- 
plain to their neighbors. A third possibility is 
to employ split frequency modes where each 
station transmits on a channel that seems to 
be clear to it. 

Thus far, aspects of the operating system 
have been described that enable systems to 
establish contact and operate in a one-Lo-one 
or one-to-many transfer mode. For a basic 
architecture this capability is adequate, with 
all systems involved in the transfer returning 
to a monitor mode when a particular inter- 
action has been completed. It is possible that 
this methodology would give good perform- 
ance, even with a very busy network, be- 
cause of the potentially low overhead of 
changing modes and reinitializing communi- 
cations through programmed control. How- 
ever, it may also befound to be very desirable 
to integrate and concatenate network opera- 
tions so that many data transfers can be 
achieved when stations establish contact. 
This is an area where empirical results would 
be helpful in evaluating alternate approaches. 


Limitations of Amateur Radio 


All of what has been described thus far 
can be done within the constraints of 
amateur radio; however, such an implemen- 
tation would impose limitations that would 
only be eliminated by a broad redefinition 
of the regulations, The most desirable situa- 
tion would involve spectrum dedicated to 
the network with a set of rules appropriate 
to the application. One of the most basic 
requirements of this scheme is that multiple 
dedicated frequencies be available exclusively 


Go tell it to 


You can have 
low cost 

voice entry 

to your : 
computer with 


SpeechLab. 


Heuristics original 
Model 50 SpeechLab™ at $299 
was a great success. So, not 
content to rest on our laurels, 
we went back to our design 
bench and came out with the 
Model 20. It sells for $189 
completely assembled and tested 
for use with any S-100 Bus 
computer such as Sol, IMSAI, 
Altair or Cromemco and as 
the 20A, the Apple. 

Now obviously, we had to 
do a few things to bring the 
price down. The Model 20 has а 
somewhat shorter manual. 
Technically, it's not quite as 
complex. Don't kid yourself 
though, the Model 20 does a real 
job. You can control your 
computer to do such tasks as 
data entry, quality control 
and everything else where you 
want a “hands-off” operation. 
Elsewhere in the ad we've illus- 
trated some examples of the 
kinds of things you can do. 


About the Model 20 
Heuristics new Model 20 
handles ир to 32 words. Software 
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is ROM based. The Model 20 
uses 64 bytes per spoken word 
which is callable from BASIC. 
Hardware includes 
2 band pass filters with 2 bit 
amplitude, 2 zero crossing 
detectors and a linear amplifier. 
The combined hardware/ 
software/lab manual includes 
10 experiments. 
The ROM based speech 
recognition program occupies 
2K bytes of ROM. 


The Model 50, still a great 
buy at $299. 

Here's an S-100 
compatible system (8080 or Z-80) 
capable of handling a 64 word 
vocabulary using 64 bytes per 
spoken word. You'll get high 
speech recognition. 

Software includes 
SpeechBasic BASIC program- 
ming language in source and 
paper tape, assembly language 
speech recognition program 
in source and paper tape, hard- 
ware and self-test program 
in source and paper tape. 
SpeechBasic plot, correlation, 
recognition and advanced 
recognition programs are 
offered in source. 

The assembly language 
program uses less than 4K 
bytes for a 32 word vocabulary. 
It loads at 100H. A high core 
version is available. SpeechBasic 
BASIC interpreter loads at 
О and requires 8K. A diagnostic 
program is included. 

Documentation includes 
a 275 page lab manual with 35 


experiments and a 100 page 
hardware manual. All manuals 
are now available as separate 
items. The big manual is ideal 
for schools and colleges as 
an introduction to speech and 
pattern recognition. 

Hardware includes 3 band- 
pass filters (6 bits amplitude), 
1 zero crossing detector, a linear 
amplifier, compression ampli- 
fier, 6 bit A/D converter and a 
beeper. The raw waveform 
is available for advanced experi- 
ments. A new noise cancelling 
microphone is also offered. 


Prices (f.o.b. Los Altos, CA) 


Model 20A (Apple) $189 
Model 205 (S-100 Bus) $189 
Model 20 manual $ 15 
Model 50 $299 
Model 50 lab manual $ 25 
Model 50 hardware 

manual $ 15 


(both manuals $35) 
Model NC-1 noise 
cancelling microphone $ 85 


More information. 

For more information 
visit your nearest computer 
store. Most dealers now carry 
the Heuristics line. Or if more 
convenient write for literature. 
Please address Heuristics, 
Inc., Box B, 900 N. San Antonio 
Road, Los Altos, CA 94022. 
Phone (415) 948-2542. 


Heuristics 
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Even if the communica- 
tions subsystem (the net- 
work node of your home 
computer) has its own 
dedicated microprocessor, 
most of the network in- 
telfigence will be in the 
communications operating 
system software. 


98 BYTE February 1978 


for network use, As has been demonstrated 
by 2 meter FM repeater usage, this is a 
definile possibility if many enthusiastic 
individuals seck to dedicate an underused 
spectrum segment to a specific activity. To 
assume that this can happen again may be 
too optimistic, Portions of the 220 MHz 
band have already been proposed for a new 
hobbyist type application, sort of midway 
between present Citizens' Band and amateur 
types of communication. 

Another difficulty with amateur radio 
constraints is lhe requirement that trans- 
missions be under the direct control of the 
operator. One of the reasons that VHF was 
suggested is because the propagation charac- 
teristics are relatively constant and could 
allow 24 hour operation. Án optimum 
scenario would involve minimum interaction 
by the system operator. There would be a 
short period of operator activity in the eve- 
ning (or morning or whenever) to see what 
data had been transferred during the pre- 
vious day or two, evaluate new data acquisi- 
tions, and initiate messages. Since the system 
would be designed to support data without 
an explicit address, full-time operation 
would allow individual systems Lo interact 
with the network to Find new data according 
to program. | would not expect thal most of 
the data transfers would be initiated manually 
when the network reached maturity. This 
would be the major unique characteristic of 
the entire system, In a nondistributed net- 
work, costs would accrue on a per transfer 
basis, so it would be unlikely that individuals 
would pay to have their computers talk to 
each ather all day and all night. In this distri- 
buted system, the ongoing costs would be 
those required to run the compuler system 
and a small radio, and would not be large, 
even if run intermittently 24 hours a day. 
System use with the constraint of manual 
operation would probably not resull in a 
synergistic multiprocessor — environment 
either; watching a computer can become 
boring quickly. Compared lo a timesharing 
system or other conventional data networks, 
the response time of this distributed system 
will be very slow, which would justify a 
longer time to gel results. The slow speed of 
this network is not really a disadvantage 
because the application is quite different 
than timesharing, for example. The existence 
of the distributed network assumes each 
node includes a local computer to handle 
real time applications. IL is the extent of this 
local processing capability thal will give the 
network its unique characteristics, Therefore, 
it is essential that the network be organized 
50 45 Lo maximize Lhese characteristics. 

The hardware and software that has 


already been described would not have Lo be 
substantially modified to supporta dedicated 
spectrum version of this network outside 
amateur radio’s province. The major changes 
would be organizational and political with 
technical enhancements, The hardware model 
that has been designated the communica- 
Lions subsystem would remain relatively 
fixed although there would be greater func- 
tional standardization, and more installations 
would include more highly evolved hardware. 
The commercial manufacture of peripheral 
communications hardware could certainly be 
expected at this point. The software would 
undergo more changes, although it should be 
a clear objective from the beginning to 
design the system, and particularly the soft- 
ware, so that it is modular and easily ех- 
pandable. New software features must be 
implemented and shown to be reliable to 
allow the individual systems to do useful 
work without operator intervention. Auto- 
matic logging and remate control would be 
two of these features. More effort than is 
now obvious would probably have to be put 
into completing decision trees, that is, ensur- 
ing a reasonable machine solution given any 
possible set of input conditions. The initial 
forms of many algorithms in the amateur 
radio context would probably have an 
escape, such as, "After N operations, or after 
T seconds, ring bell and wait for operator 
command." Obviously, structures like this 
wil have to be different outside amateur 
radio in another band. Hopefully, the evolu- 
tion of the software will happen within the 
network itself, much more so than the hard- 
ware. The communications network is the 
ideal medium for individuals to define 
problems, and develop and distribute the 
solutions. 


Regulatory Aspects 


To distribute. the solutions involves a 
regulatory change that would have significant 
effect, While | am hopeful that individuals 
would freely distribute some software that is 
created within this network, particularly 
software designed to enhance the operation 
of the network, | also hope that there will 
be a way to allow economics. Because the 
resource of radio spectrum time is limited, 
the economic characteristics must be regu- 
lated to preserve the values of distributed 
communications. On the other hand, a com- 
mercial influence could have beneficial 
aspects if it were properly applied, The goal 
of introducing economics is positive: Indi- 
viduals working at home, using their own 
equipment, could create and distribute 
products within a free market. The market, 
like the nelwork, would have as its primary 
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The World Leaders In Microprocessor Books 


If you want information on microprocessors, begin with 
the Osborne books. 


PROGRAM BOOKS WRITTEN IN BASIC 


Payroll With Cost Accounting 

Accounts Payable Апа Accounts 
Receivable 

General Ledger 


These books may be used independently, or 
implemented together as a complete ac- 
counting system. Each contains program 
listings, user's manual and thorough docu- 
mentation. Written in an extended version 
of BASIC. 

#22002 (400 pages), #23002", #24002* 


хет cox OS 


Some Common BASIC Programs 


76 short practical programs, most of which 
can be used on any microcomputer with any 
version of BASIC. Complete with program 
descriptions, listings. remarks and exam- 
ples. 

#21002 (200 pages} 
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AN INTRODUCTION TO MICROCOMPUTERS 


Volume 0 - The Beginner's Book 


ax mrnonucnon Ж If you know nothing about computers, then 
e^ this is the book with which to start. It tells 
what computers are all about and describes 
their component parts. When you've read 
this, you'll be ready for Volume 1. 
#6001 (300 pages) 


Volume | — Basic Concepts 


reamed The worid's best selling computer text de- 
eps scribes those characteristics common to all 
"А; | microprecessors yet specific to none. All 
hardware and programming concepts you 
will evar need to know are explained at an 
elementary level. 
#2001 (350 pages) 


Volume Il — Some Rea! Products 
(revised June 1977} 


Every common microprocessar and all sup- 
port devices are described. Only data sheets 


are copied fram manufacturers. Major chip 
slice products are also discussed. 
#30014 (1250 pages} 


ASSEMBLY LANGUAGE PROGRAMMING 


6800 Assembly Language 
Programming 

8080A/80B5 Assembly Language 
Programming 


8080A/8085 
ASSEMALY LANGUAGE PROGRAMMING 8080 Programming For Logic Design 
6800 Programming For Logic Design 


280 Programming For Logic Design 


Assembly language primers in the classical 
sense, these books treat assembly language 
as a means of programming a microcom- 
puter. Full of simple programming examples. 
#31003 {400 pages), 32003* 


These books describe the meeting ground 
of programmers and logic designers; written 
for both, they provide detailed examples to 
illustrate effctive usage of microprocessors 
in traditional digita! applications. 

#4001, #5001, #7001 (300 pages each) 


OSBORNE & ASSOCIATES, INC. • Р.О. Box 2036 Berkeley, California 94702 • ODEPT.I5 


280 Programming For Logic Design SHIPPING CHARGES Shipping charges for bulk orders to be arranged. 


31003  B080A/8085 Assembly Language Programming 


21002 Some Common BASIC Programs 


22002 Payroll With Cost Accounting 


4th class (по charge. allow 3-4 weeks within USA, not applicable ta ckscauntad orders! 
$.50 pet book, UPS fallow 10 days) in the US. 
$1.50 per book, special rush shipment by air in the U.S. 


$3.00 per hook, foreign ar mail 
* This book is not yet available. 
Pease noufy me when it is published: 


#6-1/2%, SF Bay Area residents anty 
+ 59%, Cakforna residents outside SF Gay Area 
è Payment must be enclosed for orders of 
10 hooks ог less. 
a 1 have prciosad: 
Do creck О money order TOTAL AMOUNT OF PURCHASE 
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О 23002 Accounts Payable and Accounts Receivable О consignment 


О 24002 General Ledger 


Shipping Charges 
О dealer discount 


O 32003 6800 Assembly Languages Programming O чеш distributes 
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АП of what is described 
here can be accomplished 
within the constraints of 
amateur radio; however, 
such an implementation 
would impose limitations 
which could only be 
eliminated by a broad re- 
definition of the regu- 
lations and operating 
practices. 
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attribute its distributed characteristics. Cen- 
tralized capital would be minimized, and 
individual creativity maximized. 

A subsidiary regulatory characteristic that 
would necessarily be modified to allow the 
implementation of economics is dala secur- 
ity. Presently, there is no allowance for 
secret communications on frequencies ac- 
cessible to the public, presumably to prevent 
spies from using walkie-talkies for ''cloak 
and dagger" schemes, The desirability of 
secure communications and the impossibility 
of enforcing nonencoded computer conver- 
sations will force a change in this rule. 

It should be pointed out that the Federal 
Communications Commission has not been 
dogmatic about maintaining the regulatory 
status quo. Significant changes have occurred 
when it could be clearly demonstrated that 
the largest public interest would be served 
by modifying the administration of the radio 
spectrum. The potential utility and benefit 
of distributed communications make the 
changes much more plausible than they 
would otherwise seem. Also, the network 
can only be considered a potential reality 
in conjunction with very recent technical 
innovations. Such a network was not a viable 
possibility in 1970; now /s the proper time 
to begin its implementation. 

What sort of applications for the network 
might occur if it achieved specia! regulatory 
status? While there are many possibilities, a 
general application | call "library building" 
provides a useful illustration. The goal of 
this mode of operation is that systems with 
mass storage capability would interact so 
that each participant would share a subset of 
the file structure with the other participants. 
Because of the relatively large amounts of 
data involved, such exchanges would prob- 
ably not occur on a relayed basis; rather, 
individual files could be relayed later by 
specific command. In order to participate in 
library building, systems would maintain 
directories of several types of files, eg: those 
maintained and available, those files desired, 
keys to file types (for example, "games" or 
“8080 code''), both desired and not desired, 
and specific files that are not desired, This 
activity would most frequently be dyadic 
(that is to say, they would be initialized 
when a pair of stations determined mutual 
interest in the activity). Library work repre- 
sents a network activity that could best be 
carried on with little operator intervention. 
A typical command would be the equivalent 
of "get everything new and share anything 
except files A, B and C.” In fact, this could 
be a standard background command to be 
executed when operator initialized transfers 
become null. The operator would interact 
with this function by requesting a regular 


summary of files acquired and dispersed. А 
prerequisite for this sort of file oriented 
activity is that standards be developed for 
file management within personal computing, 
so that transfers сап be made with both 
processor independence and device inde- 
pendence. 

The unique characteristic of any com- 
puter is the ease with which it is given new 
capability by feeding it new software. Thus, 
the distribution of software through this 
interactive network could rapidly result fn 
an explosion of new functions. Once the 
system has been bootstrapped, growth could 
be faster and more meaningful in terms of 
legitimate achievement than that exper- 
ienced in any other medium. Possible future 
scenarios may give more perspective to the 
implications of the network. 

The system should be interfaced to other 
networks. Common carriers and cable tele- 
vision are present possibilities, and local laser 
links and direct communications through 
satellites are likely to occur in the future. 
Nondistributed data networks will be a 
major feature of the cultural technology of 
the 1990s, providing many of the services 
already discussed on the scale of television 
today, Amateur computing in distributed 
networks could set trends and establish 
precedents for the revolution to follow. 

The hardware definitions for the network 
could evolve to allow the establishment of 
new categories of node stations with special 
functions. One such function could be the 
data concentrator, a large, fast processor 
with several wide channels assigned to it. 
Large amounts of data could be burst trans- 
mitted over longer distances to condense 
much relay work. Other specialties, such as 
computational batch processor, game play- 
ing adversary, etc, will evolve as the applica- 
tions do. 


Blue Sky 


New hardware should have a profound 
impact on the network, especially when that 
new hardware is a data oriented version of 
the video disk. Since the video disk is a 
highly cost effective way to reliably transfer 
large amounts of data (on the order of 1010 
bits). it would be impractical to replicate 
this sort of transfer over a communications 
link, Further, nondigital data would require 
extra hardware, long transfer times and 
prohibitive bandwidths for even VHF radio. 
However, if we can assume the existence of 
another commercially oriented system for 
the economical creation and distribution of 
physical disks, even at very low volumes, 
then there is a definite place for a communi- 
cations network to interact with these disks. 
To assume such а support system is not un- 


reasonable because of the extreme potential 
for commercial application. However, the 
growth of such a support system probably 
would be accelerated by demand from the 
computer enthusiast market. The interaction 
of video disks with the network would occur 
as an interface to digitally controlled video 
disk drives and disk program material with 
imbedded software. If two communicating 
systems were using identical or similar disks, 
control information could be exchanged 
through the network to access the common 
data. With the huge amount of analog storage 
available, organized as video, video stills or 
audio, the imbedded software and transferred 
control would provide much flexibility 
applied, for example, as educational or crea- 
tive utilities. 

This aspect of video technology used in 
conjunction with the network would be 
helpful in supporting various sorts of syner- 
gistic multiple processor functions. In this 
mode, a number of systems would share a 
channel or channels via time multiplexing. 
A useful application, which has already 
undergone experimentation via timesharing, 
is the computerized conversation, an on- 
going round table discussion that occurs out- 
side the constraints of real time and space. 
Eventually, as the systems become more 
sophisticated, this mode could support 
multiprocessor creative activities, such as 
music or video synthesis, as well as the 
creation and use of educational materials. 
Each communicating processor would use 
similar creative software, and the individuals 
would supply data to produce a sort of 
computer symphony. 

One of the most interesting applications 
of the network capabilities under discussion 
will be computer gaming on a very large 
scale. Games could be highly complex, in- 
volve months of real time, and have teams of 
dozens or hundreds of systems. The network 
will be interfaced to the specialized large 
systems that will be the amusements of the 
next decades, a development made more 
plausible by the many predictions of greater 
leisure time in the future. The games will 
evolve to the level where individuals may be 
mare concerned with the construction of an 
optimum game playing system, rather than 
playing the games directly. This level of 
sophistication approaches practical artificial 
intelligence. 


So What? 


What | have attempted in this article is to 
demonstrate the implications of using existing 
technology to construct a new type of com- 
munications network that would radically 
effect much within personal computing. 


There are two difficulties: Radio spectrum 
must be allocated to the activity, and 
standardization of the technical details must 
be achieved. | realize that this article has not 
gone too far with specific technicalities, and 
that is partially because | felt that the intelli- 
gence of a distributed system should be 
determined by a number of individuals and 
not predefined. Also, many aspects have 
been characterizéd that will involve a sub- 
stantial amount of technical detail, and | felt 
it would be more useful at this point to 
describe alternatives, possibilities and general 
approaches rather than specific algorithms. 
Always in the past, new technology has 
been greeted with a "so what” attitude. The 
ultimate implication of the proposals in this 
article is that the home computer can be 
part of a dynamic ongoing process rather 
than an expensive toy that plays the latest 
tapes. This is not a negative comment about 
"play" applications; rather, it is a statement 
that no technology is appropriate in the 
wrong environment. It is my contention that 
as a tool the computer is pretty interesting, 
but no tool is of ultimate interest without 
real work. It. is my hope that others will add 
to these ideas to make the personal computer 
a necessary component of a useful system. 
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Continued from page 38 interlaced parallel fingers. The magnetic field 
strength. i$ concentrated in the tiny air gap 
between these fingers, near the surface of 
the rotor. The rotor itself is à permanent 
magnet which has a series of poles mag- 
netized around its periphery. The number of 
rotor poles equals the number of stator air 
gaps. |t is the attraction and repulsion 
between these poles of the rotor and the 
stepping magnetic field of the stator that 
cause the motor to rotate. 
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DRIVE SOURCE, FOR EXAMPLE Us 


AN 8255 WITH SOFTWARE 
SETTING UP TIMING OF FIGURE 5b 


Figure 5a: Simple method for driving 4 phase stepper motors utilizing NPN 
transistors and a positive power supply. For larger motors two transistors 
connected in parallel, a Darlington amplifier, may be required as shown for 
winding 3 in this drawing, The values of the resistors and diodes will depend 
on the stepper motor being used and the drive source for each phuse. 


МІ OFF 0} 
М2 OFF (01 
МЗ OFF (0) 
w4 ОЕР (0j 
CLOCKWISE MOTION COUNTERCLOCKWISE MOTION 


Figure 5b: Timing diagram for a 4 phase stepper motor has one winding being 
energized and one being de-energized at a time. One side of each winding is 
conducting current at any time. The energizing pattern is reversed to reverse 
the motor rotation. 
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Hardware Solution 


An easy way to drive the coils is with 
NPN transistors as shown in figure 5. Two 
transistors at a time are switched to ground 
to cause current to flow in the required di- 
rection, Note that windings 2 and 4 (w2 and 
w4) cause current to flaw in opposite direc- 
tions of the same coil. A high power motor 
may require a Darlington drive, as shown in 
winding 3. This is just two low power tran- 
sistors driving a high power unit to insure 
that your IO port will be able to drive the 
motor coil safely. A 1.0 mA output from an 
8255 10 port drives 20 mA with a single 
transistor and 400 mA with a Darlington. 
Each transistor multiplies the current by a 
factor of 20. Two is the limit though, be- 
cause the guaranteed output voltage of the 
IO port is 1.5 V. Each transistor requires 
0.7 V, so two of them require a total of 
1.4 V, The windings must be energized in 
the sequence shown in figure 5b. Notice that 
at any given time one half of each coil is 
energized, 

Let's take a quick look at a circuit to pro- 
duce this coil driving sequence. The circuit 
shown in figure 6 provides the proper sc- 
quence for a reversible drive. Speed is con- 
trolled by the frequency of the clock input. 
For coarse control the clock can be gener- 
ated by a 555 type oscillator. For very 
accurate control this clock can be generated 
by a crysta! oscillator. Switch S1, which 
could be an IO line, controls the direction of 
rotation. The frequency is more difficult to 
obtain directly, A digitally controlled oscilla- 
lor whose setting is controlled by a digital to 
analog converter would provide very precise 
and accurate speed control. No processor 
liming would be required. A typical example 
of such an oscillator is shown in figure 7. 
The number of input bits used (in this case 
eight) determines the number of speed 
selections. 

If the number of steps is more important 
than precise speed, the circuit of figure 8 can 
be added to contro! the clock. The thumb 
switch inputs could be ТО port lines. The 
LOAD line transfers the selected count into 
the counter. The START line sets the gate to 
a transmission mode. When the counters 
count back down to zero, а pulse is emitted 
from the borrow line and resets the gate to a 
blocking condition. The selected number of 
pulses has been counted out to the motor 
drive. The motor speed is still controlled by 
the oscillator frequency. 


Software Solution 


If your only chore is to drive a single 
motor, then а microprocessor is probably 
noL necessary. But if several motions are 


We'd Like To Ask You А Question. 


Have you considered the Central Data 16K RAM 
board? If you haven't, you should. We've combined 
quality engineering and low prices to come up with a 


memory board you'll like. Take a look at our 
features and find out for yourself. 


completely assembled, tested and burned in 
expandable to 32K 

$-100 compatible 

access time of 450ns 

invisible refresh—absolutely no wait states 
power dissipation one-half that of static RAM 
one-year warranty. 


You can purchase a 16K RAM board with all these 
features for only $289. The cost of adding 16K to 
your present Central Data 16K board is $200. 

А 32K RAM board, assembled, tested and 


burned-in, is only $475. Central ra | PO Box 2484, Station А 


With all those features, don't you think you 
should be considering ours? Champaign, IL 61820 


Please send me the following: Name 
O 16K RAM board ($289) Address 
O 32K RAM board ($475) 

O additional information 

l enclose $ 

Ill. residents add sales tax. 

Central Data P.O. Box 2484, Sta. A Champaign, 11 61820 
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POWER CONNECTIONS 
| NUMBER | «5v | бмр | 


Figure 6: A pair of flip flops provide the memory and exclusive OR gates provide the steering to generate the drive patterns 
in a hardware solution to the stepper motor drive problem. 
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Figure 7: This digitally controlled oscillator generates a frequency proportional to the integer output to the digital to analog 
converter. The frequency can be used as the clock input of figure 6, providing a variable motor speed from a hardware driver. 


104 BYTE February 1978 


LATE-BREAKING MICROCOMPUTER 
PRODUCT NEWS, SOFTWARE RELEASES, 
MICRO CLASSIFIED ADS, NEW MICRO 


PERIPHERALS . . . 


We cover the 


micro world as only 
a newspaper can— 


every week. 


Monthly Magazines are great for in-depth articles and 
detailed technical information - and we're not suggesting 
vou stop reading this one, What we are suggesting is that 
we can give you a lot that à magazine can't. 


First, we're a newspaper - which means we cover a lot of 
things briefly, instead of a few things deeply. 

Second, we're weekly — so vou won't be saving "I wish | 

had known about that" when vou hear someone talking 

about new micro hardware and software. 


Third, we have a low-cost Microcomputing Classified 
Exchange, where vou can Find (or advertise) bargains on 


Please send me COMPUTERWORLD /or 1 vear RATES US 


[] Check Enclosed 
.] Amis [JBA/Vsa [J MC МС Only 


СО ШЕШЕНЕ ЕШ? 


Н charge we must have 


cardholder's sionatute рае 


Pun Middle 
ҮШ initial 


Your 
Fale 


buarnpars 
Name 


BITE 


АШЫ 


Address shown is Business | Home 
Check here i you do not wish to receive 


promotional mail from Computerworld 


eamm uim ui m un im mA M о t me e аа m mi mm 


r 
1 
! 
і 
І 
І 
I 
I 
І 
J 
і 
і 
І 
i 
| 
i 
і 
і 
J 
І 
! 
і 
і 
! 
| 
| 
| 
1 
i 
i 
i 
І 
І 
1 
] 
Ц 
1 
I 
і 
I 
І 
І 
1 
| 
1 
І 
1 
i 
! 
D 
і 
і 
l 
i 
1 
і 
І 
І 
i 
1 
1 
f 
i 
| 
| 
| 
| 
! 
| 
l 
І 


Circle 31 on inquiry card, 


$14 Canada and PUAS $28 


List four digits above your name) 10 


Papiration 60 


Hcc REFEFEPIENESN i 
ИЕ леи 
ЕБ л шш 
"auc 
КЕШЕШ ТИЕН ҮЗҮҮ belli 
КО) COMPUTERWORLD | :: 


THE NEWSWEEKLY FOR THE COMPUTER COMMUNITY 
CIRCULATION DEPT. Н, 797 Washington Street. Newton. Mass 02160 


equipment or software ~ or look far people or information 
vou need. 


Fourth, we're into all aspects of computers; so vou don't 
have to limit vour information to micros. We cover every- 
thing from industry news to data processing to ethical 
issues, as only a newspaper can. 

Fifth, we'll send vou 52 issues for about о oe 
35¢ a week with a one-vear sub- Ne IM Pte 
scription (less than half the news- ins m 
stand price). Just use the form below... Min 


to start vour subscription coming. 
It's a fast way to stay ahead. \ d 


Europe & Middle East $50 All Other Foreign $65 


PLEASE CIRCLE ! NUMBER IN EACH CATEGORY 
BUSINESS INDUSTRY 
Manufacturer of Computer or DP Hardware: Peripherals 
20 Manufacturer (other 
30 ОР Service Bureau‘ Soltware/Planning (Consulting 
40 Pupbc Utility ‘Communication Systems: Transportation 
50 Wholesale Retail Trade 
Finance ‘insurance ‘Real Estate 
70 Moning ‘Cansteuction iPet;oteum: Relining 
75 Business Service (except DP) 
Каш айол /Megicine/Law 
Government Federals State/Local 
Ponting Робот. Othe: Communication Service 
95 Omer 


TITLE OCCUPATION! FUNCTION 

39 Pesten Owner! Partner General Manager 

12 VP. Assistant VP 

13. Treasurer Controler! Finance Otticer 

21. Ure tor Manager o! Operation t Planning! 
Adminisitative Service 

22  Uuectori Manager! Supervisor DP 

23 Systems Manager! Systems Analysl 

341. Manager Supervisor Programming 

32 Pruqearmmer: Meinads Analysl 

41 Appiucahon Engineer 

42 Ое, Engineering 

Mro Sates Representative 

Ü' het Sates (Marketing 

60 Consulat 

70 Lawyer Accountant 

80 і инагап: Educator: Student 

90 ("пег 


BYTE February 1978. 105 


Generated Pattern 
{one line per clock state} 


wi W2 мз wa 
о 1 
Clockwise 0 Counterclockwise 
1 
1 


oOo——oO 


0 
0 
1 


oo --— 


Table 1: The pattern generated by the circuit of figure 6. The number T re- 
presents current flowing in a winding. Reversing the drive pattern will reverse 
the motor direction. 


w2 м4 Wl W2 


0 o 

Clockwise 0 1 Counterclockwise 
1 1 
1 0 


| 
0 1 
0 0 
1 0 
Table 2: If the drive patterns of table 1 are rearranged as shown, a pair of 


rotating 15 becomes apparent. This simplifies the generation of these patterns 
through software. 


POWER CONNECTIONS 


NUMBER | TYPE 


DISPLAY 


TO 
DISPLAY 


Figure 8: This circuit will generate a selected number of pulses when the start 
bution is pushed. The thumb switches and the two push butions could be 
replaced with signals from un IO part. If desired, и display may be added to 
the circuit to indicate the number of counts left. 
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required and the speed and position of each 
must be controlled, then the microprocessor 
saves considerable hardware. The entire job 
can be done inside the processor, with only 
the Darlington power drive transistors out- 
side. The problem of generating and keeping 
track of the pulse trains becomes a software 
task. Let's first look at a routine to drive a 
single motor. 

If the winding drive pattern of table I is 
rearranged as in table 2, a rotating pattern of 
Is becomes apparent. Now direction of 
rotation is controlled by the direction that 
the 1s are shifted. (left or right). Speed is 
controlled by the rate at which these 15 are 
shifted and transferred to the motor. In- 
ternal counting can be used or external 
interrupt driven timing can be used. Since | 
needed other time events, | chose to use the 
Texas Instruments TMS 5501 for my experi- 
ments. This versatile chip provides five sepa- 
rale timers, eight input and eight output 
lines, an external sense line and a bidirec- 
tional serial link. All these priorities are 
taken care of, too. | will deal only with one 
timer and merely assume its interrupt has 
been vectored to my subroutine properly. 

The basic scheme is to set the timer for 
an interval of from 64 ys to 16.32 ms and 
count off the desired number of intervals. 
When the desired total time has elapsed, the 
motor drive pattern is rotated and output. 
The timing begins again. For higher speeds, 
above 60 steps per second, only one timer 
interval is required between each step. By 
choosing the time interval and the number 
of intervals, a wide range of motor speeds 
may be selected. A flowchart is shown in 
figure 9, and the code is in listing 1. The 
motor outputs are the four low order bits of 
one port on an 8255 output port. Now let's 
look at some of the details of the code. 

First, of course, the status must be saved 
and the interrupt re-enabled. Next check the 
number of elapsed intervals. If it's down to 
zero then look at the number of steps 
requested. If there's more Lo go then decre- 
ment the steps counter and update memory 
location STEPS. Next update the number of 
timer intervals (CONTR) because you'll have 
to count them off again. 

The timer is started and set by writing a 
word, in the range of decimal О to 255, Lo 
memory. 

In the hardware motor drive, each coil 
drive pattern is determined from the previ- 
ous pattern by the feedback from two 
outputs. In this software version it is nol 
possible to read the latched output so the 
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MOTOR 


SAVE STATUS 


ENABLE 
INTERRUPT 


GET MOTOR SPEED 
ITERATIONS AND 


DECREMENT 


RELOAD MOTOR TIMER 


Figure 9: Flowchart for 
the single motor drive rou- 
line of listing f. 


GET NUMBER OF 
STEPS LEFT TO 
BE STEPPED 


NO 
STEPS: =STEPS-t 


LOAD NEW MOTOR 


TIMER, MOTOR DIRECTION 
AND PATTERN ADDRESS 


ROTATE PATTERN LEFT 


=> 


PATTERN: =PATTERN+ OIH 


ROTATE PATTERN RIGHT 


YES 


PATTERN:: PATTERN+BOH 


RETURN MOTOR DRIVE 
PATTERN TO MEMORY 


MASK OUT 4 HIGH 
ORDER BITS 


OUTPUT PATTERN 


RESTORE STATUS 


RETURN 
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last pattern is maintained in memory loca- 
tion PHASE. | chose to use a full eight bits 
Lo store the 4 bit drive pattern and repeated 
the four bits in the high nybble. Then the 
overflaw on rotate could be sensed in the 
carry bit. | used RAL and RAR for rotating, 
sensed overflow in the carry bit, and added a 
correction of either ОТН 80H respectively. 1 
learned later that if | used RRC and RLC, 
rotate right or left with carry, then this was 
taken care of by the processor. After rota- 
tion the new drive pattern must be stored 
back in memory to be available during the 
next cycle. The high nybble is then masked 
out. After the four high order bits are 
masked out the motor drive pattern can be 
output via the 8255 output port. All that 
remains is 10 return the status and registers 
to their former condition and then return to 
the main line program lo амай another 
interrupt. Four of the TMS 5501 output 


JMOTOR COIL DRHIUE, INTERRUPT DRIVEN, INTERVAL 3» 


MOTOR: PUSH FSW ISAVE STACK 
PUSH В 
PUSH M 
El 
LXI Hs CONTR 
MOV A,M JGET COUNT REMAINING 
DOR А )DECREMENT COUNT 
HOV M-Á 
JZ WDCH 
LE! H«INTVL 
HOV A.N 
STA TIMER 
JHP MDONE 

WOCRt LXI! HeSTEPS 
HOY A.M IGET STEPS 
ANA А ISET FLAGS 
JE MDONE JEXIT IF DONE 
DCR A SDECREMENT STEPS 
MOM MÀ SSTORE NEW STEPS 
LX! H,CQUNT 
MÜU ASH 
LXI M.CONTR 
иду BoA 
LXI He INTUL 
MOV AN 
LXI H,TIMR 
ноу М,4 
LXI H.DIR 
MOV A.M 
LMI H.PHASE 


ICHECK STEPS IF CONTR ZERO 
RIF NOT 

PGET INTERVAL 

SAND RESET INTERVAL 


JRESTORE ORIGINAL CONTR 
JRESET INTERVAL TIMER 
1GET DIRECTION 

crc JCLEAR CARRY 

ANA A ISET FLAGS 
Cut MOV А, DAET MOTOR DRIVE PATTERN 


JNC MDR 
JCORRECT FOR OVERFLOW 


cows MOV A.M 


JNC MOR 

ORI 10000000B 
WDR! MOV HoA 

ANI 000011118 


JCORRECT FOR OVERFLOW 


OUT OUTMDR JOUTPUT SIGNAL TO MOTOR 
MOONE: POP H 

POP B 

POP PSW 

RET 
COUNT NUMBER OF TIMER INTERVALS TOTAL 
CONTR NUMBER OF TIMER INTERVALS REMAINING 
INTYL T!HER INTERVALS 0-255 
STEPS NUMBER QF STEPS TO BE MOVED 
DIR MOTOR DIRECTION 
PHASE MOTOR DAIVE PATTERN 
TIHA TIMER ADDRESS IN MEMORY SPACE 


OUTMDE MOTOR OUTPUT ADDRESS IN 10 SPACE 


Listing 7: An 8080 assembly language pro- 
gram for driving a single motor. 


lines could have been used, eliminating the 
need for another output chip. 

A word about stepper motor speed is in 
order here. With a light load, the motor will 
respond and follow commands at speeds of 
up to 250 to 300 steps per second. With a 
frictional load this maximum speed will 
reduce linearly in propurtion to the friction. 
An inertial load, such as a flywheel, will not 
reduce the maximum speed. However, with 
an inertial load the speed must be pro- 
grammed over several steps from slow to 
fast. If the maximum speed is not ap- 
proached gradually, the electrical stepping 
moves faster than the load can. The motor 
will just sit and stutter. A check with an 
oscilloscope would show the proper pattern 
sequence occurring. Use of a more complex 
program with actual motor speed feeding 
back into it via hardware could help solve 
this problem. 


RST3 


B225 


IO PORT 


MOTOR 3 


| MOTOR 2 


MOTOR 4 


SAME CIRCUIT AS 
MOTOR I 


Figure 10: By adding a pair of inverters to each motor drive, four motors can 


be driven from one 8 bit oulput port. 


ЊУ ТЕ Fetraory HETH 


199 


Afler getting a motor to turn on com- 
mand, the next challenge is addressing sev- 
eral motors while trying to conserve [О lines. 
| did this by changing the meihod of 
generating the drive pattern, |n the first 
program the entire pattern was stored, 
rotated and output to the motor. [n the 
second program a different pattern was 
stored, one that would allow two output 
wires lo control each motor. It was neces- 
sary 10 add a pair of 7404 Inverters outside 
Table 3. A mismatch exists between the desired pattern of table 3b and the the processor as in figure 10. At first it 


generated binary count of table 3a. appeared that two bits could be incremented 
inside the processor Lo generate the output 


signals, but the sequence was wrong as 


HOMEL: LXI H.OUTI illustrated in table 3b. The problem was 
nul Сен нон 1ВЕТ ОШТРШТ STEPS solved by storing the four pairs of bits in a 
HSTRT1: LXI Н,РНА51 JISELECT MOTOR Mi re ister 
CALL MOTOR2 IMOTOR STEP SUBROUTINE Е . 
J£ ОАР! PEXIT IF DONE STEPPING F i - ҮТЕ - 
MUI А ОРЕН ELSE Two memory locations are reserved for 
STA TIMRS JRESTART MOTOR TIMER each motor. The first, PHAST, stores the 
LOOPI)! LXI HsHSTRT А " . А 
JMP LOOPI 1WAIT FOR MOTOR rotating bit pattern required to drive the 
motor. Each time à motor 15 to be stepped, 
Listing 2: An 8080 assembly language mainline program for driving several its pattern will be rotated and output. This 
stepper motors. regisLer always indicates the last pattern 


FUNDAMENTALS OF ROBOTS AND MECHANISMS current ratings are crucial to power semi- 
conductor drive design. А torque is 

What is Torque? specified in units which reflect its origin 

as a magnitude of force available at some 
distance from an axis of rotation. In the 
English system of measurement, a typical 
unit is "ounce-inch;" 1 oz-in of torque 
means that at a distance 1 inch from the 
axis, a force of 1 ounce would be exerted. 
{п the metric system, a typical unit might 
be dyne-centimeter (CGS) or newton-meter 
(MKS) where the metric units of force 
(dyne or newton) and distance (centimeter 


Torque is the force which produces, or 
tends to produce, motion about ап axis 
of rotation in а mechanical system. ft is a 
measure of the power of a mechanical out- 
put device such as a stepper motor or other 
device. A specification of the available tor- 
que from such qn actuator under various 
circumstances is an essential part of de- 
signing it into a mechanical system, just as 


ROTATION or meter) are used. . .CH 


If force F is measured at paint A (a distance x 
from center of rotation B), the torque is given by 


T= F.x 


Similarly, if a stepper motor has a rated torque of 
T, it can exert a force of 


F = T/x 


ROTATION at distance x from its canter of rotation. 
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output. The second register, MASK1, con- 
tains a mask. For example: mask OC hexa- 
decimal (00001100 binary) is for the motor 
attached to output wires 2 and 3, motor 2 in 
figure 10. 

The subroutine must be entered with 
certain preliminaries taken care of. The HL 
register pair points to the drive pattern of 
the motor to be driven. Register B contains 
the direction of rotation. |f the most signifi- 
cant bit is © the rotation ts counterclock- 
wise; if the most significant bit is 1 the 
rotation is clockwise. Register B also con- 
tains the number of steps to be made. The 
TMS 5501 was again used as a timer. One 
motor must complete its steps before an- 
other starts. 

The flowchart for this second motor drive 
routine (listing 3) is shown in figure 11. The 
registers and two memory locations are 
shown in figure 12 as they look before and 
after a pass through the subroutine. Remem- 
ber that bits О and 1 of register C are driving 
the motor of interest. Register D is a 
temporary storage location and bits O and 1 
of register D reflect the change in drive 
pattern. The most significant bit of register 
Bisa l indicating clockwise rotation. The 
lower order bits are the steps count, and are 
decremented by 1 each pass. The most 
significant bit is masked out in the last 
operation. This sets up a zero test and jump 
upon return to the mainline program, if the 
count has been completed. 

Now let's look at how the subroutine is 
called. Mainline program HOME], shown in 


ISTEPPER MOTOR DRIVE ROUTINE 


Figure 11: The flowchart for the motor drive routine of listing 3. 


GET PHASE 


ROTATE RIGHT TWICE 


JCALLED FROM MAIN LINE PROGRAM HOME! 


MOTORS MOY A.B 


АНА А ISET FLAGS 
JH CVM SDETERMINE DIRECTION 
MOU A.M 1бЕТ PHASE 
ARC 
ARC THOTATE 
UMP NTRJP 

Cur MOV A.M IGET PHASE 
RLC 
RLC 1ROTATE 

NTRHJPI MOV M,À PUT BACK 
INK H TPOINT TO MOTOR MASK 
АНА M 1MASK OFF MOTOR 
MOY рд JTEMPORARY STORAGE 
HOV ALH У СЕТ MASK 
CMA FCOMPLEHENT MASK 
ANA C JOET OUTPUT 
ORA D РСОМВЇНЕ NEW AND OLD 
HOY CsA JAEPLACE IN MEMORY 
LXI Hs00T) 
HOV WA 
STA MINOT SSTART MOTOR 
DCR B !DECREMENT COUNTER 
MOY А,В 
ANI ТЕН IKASK QUT DIRECTION 
RET JRETURN TO HAIN PROGRAM 


MOTOR 2 


GET STEPS REMAINING 
FROM B REGISTER 


SET FLAGS 


RETURN PHASE ТО 
MEMORY 


POINT HL REGISTERS 
TO MASK 


GET MASK AND SAVE 
SELECTED BITS IN 


D REGISTER 


COMPLEMENT THE 
MASK 


С:=ХОВ C, MASK 


UPDATE C REGISTER 
WITH NEW MOTOR DRIVE 


OUTPUT TO MOTOR 


STEPS COUNT:= 
STEPS COUNT-I 


MASK MOST 
IGNIFICANT BIT 
ECTION INDICATOR 


3 
DIR 


RETURN 


GET PHASE 


ROTATE LEFT TWICE 


Listing 3: This is the 8080 assembly listing of a second motor routine. This 
one is culled by mainline routine HOMET. Note that the zero flag is carried 
back to mainline program to indicate steps done. 
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Figure 12: The status of 
the HL, DE and BC regis- 
ter pairs before and after a 
call to the MOTOR 
routine. 
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Before 


H Address L 
D E 
B 01 01 10 11 C 
Phase 1 
Mask 1 


listing 2, addresses OUTI, the motor drive 
storage, and puts it in register C. Literal 
value OBO hexadecimal is moved to register 
B indicating 100 steps clockwise. The HL 
register pair is pointed to PHASI which 
selects motor 1, and then MOTOR? is called. 
When the MOTOR2 routine returns a jump 
on zero test, J2 jumps over the looping to 
continue the next part of the main program. 
If 100 steps have not occurred, the zero flag 
will not be set in MOTOR2, and the program 
falis through the test. The motor timer is 
then restarted. The HL register pair is set to 
HSTRT and the program loops, waiting for 
time-out. When time-out occurs, a PCHL 
instruction vectors the program to HSTRT 
and another MOTOR? call. 

If vou had ihe time, some extra bytes and 
several stepper motors, what might you 
accomplish? The first rotation on command 
is pretty exciting, but not to anyone but 
you. There are some useful applications right 
next to your computer. An XY plotter 
might be useful in your graphics work. If 
you aren’t handy with mechanics you might 
modify the paper drive of an analog recorder 
to provide bidirectional stepper control. An 
analog to digital converter to drive the pen 
and а relay to lift the pen between points 
will give you a reasonable alternative to an 
expensive plotter. 

Other hobbies just cry out with applica- 
tions. The model railroad buff can control 
the neatest turntable. A stepper motor in a 
yard engine would give ultra low speed. A 
machinist might combine a couple of beefy 
stepper motors and a lathe to create a simple 
numerically controlled machine tool. One of 
the most interesting applications, robots, 
takes on added dimensions with precise 
control possible. A variation of this might be 
to program the strings of a puppet. (That 
one is going to need lots of program stor- 
age.) The radio amateur can automate his or 
her existing receiver by coupling to the 
turning knob. Any place where several 
motions have to be synchronized, stepper 
motors can be the solution. 


After 
H Out 1 Address L 
D 00 00 00 10 E 
B 10 00 01 10 0101 10 10 С 
Phase 1 00 01 11 10 
Маѕк 1 00 00 00 11 
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A Minifloppy Interface 


Floppy disk drives have been around for 
some years now; the basic technology of 
such drives is well proven and the drive 
designs seem reliable as mass storage for 
small systems. Having used the standard 
size floppy for some time, my first reaction 
to the introduction of the '"miniftoppy" 
was to view it as a cute gimmick, since the 
minifloppy's price had not then dropped in 
proportion to its performance. 

However, after using the minifloppy for 
a while and having seen the inevitable 
dropping in price às production expands, I 
am becoming much more enthusiastic. The 
reduction in bit rate will make it easier to 
interface, and the reduction in bit density 
should make it slightly more reliable in 
small user environments. Its performance, 
while reduced, 15 quite adequate for many 
applications, especially when its price is 
taken into account. [Оле personal comput- 
ing manufacturer, for instance, markets a 
dual drive peripheral for their systems at 
a total of $1000, which is hard to find in 
а dual drive standard size floppy disk... 
CH] Its small size and relaxed specifications 
allow room for more cost cutting than the 
full-size design. Competitive technologies 
like bubble memories are perhaps several 
ycars away from equivalent cosis per bit. 
[t is thus quite appropriate to give serious 
consideration to the small floppy. 

Shugart was first to arrive on the market 
with a small floppy, but is no longer alone 
there. Wangco has a competing drive in 
production. BASF has a drive which was 
displayed at the 1977 NCC show in Dallas; 
it is reportedly just entering production as 
of fourth quarter 1977. Micro Peripherals 
Inc has a minifloppy drive scheduled for 
production at this time. A notable feature 
of the drive is its use of a band driven head 
positioning mechanism designed to improve 
track-to-track access time by a factor of five 
or six. Pertec has also announced a drive, 
and Radio Shack is reported to be working 
on a low cost version for use with their 
2-80 based microcomputer system. 

Fortunately, Shugart’s interface con- 
figuration has been copied in the Wangco 


and BASF drives right down to the use of 
the same connectors and pin assignments. 
This makes Shugart’s interface a defacto 
Standard, as well as a great improvement 
over the diversity experienced in full-size 
floppies. | hope the present plug compati- 
bility will continue, 

Wangco and others are advocating an 
ANSI (American National Standards Insti- 
tute) standard specification that includes 
40 tracks (as opposed to Shugart's current 
35 track maximum). Both the Wangco and 
BASF drives write on 40 tracks. The first 
35 tracks are positioned in the same way 
as the tracks in Shugart's drive; the last 
five tracks were located closer to the center 
of the diskette than Shugart apparently 
thought safe. If the 40 track approach does 
get ANSI acceptance, though, 11 15 reason- 
able to expect Shugart to make a 40 track 
version. 


How Small Floppies Differ 
from Full-size Units 


Several significant differences exist in the 
interfacing required for the small floppies 
versus the large floppies. One profound 
difference is that the former are all powered 
by DC motors. (AC motors are being investi- 
gated as an option by one manufacturcr.) 
This allows the motor to be powered down 
during long periods of nonusage. The power 
saving is such that battery powered opera- 
tion is realistic; the fully powered Shugart 
drive uses only 15 W total (18 in Wangco's], 
and а sector can be read in less than two 
seconds of motor operation. This suggests 
usage in data logging applications, tradi- 
Uonally the province of cassette drives. More 
noticeable to a large floppy user is the fact 
that the Shugart minifloppy stays almost 
stone cold during operation. (My Memorex 
651 got so hot recently due to the combined 
heating of the step motor and hysteresis 
synchronous drive motor thal the pressure 
pad adhesive decomposed into a slicky 
goo, allowing the pressure pad to slide off 
center and causing the first hard errors since 
the 651 large floppy was interfaced to my 


Affordable 


The tribe at Smoke Signal Broadcasting took our 
BFD-68 disk system and scalped the price, but 

not the features to create the ABFD-68 (Affordable 
Basic Floppy Disk). We appreciate the fact that 
the computer hobbyist gave us our start and we 
haven't forgotten you. 


$649 Assembled 


Compare Price. Our S8-50 bus compatible disk 
system is $150 less than the assembled price of the 
leading S-100 disk system. And you can at least 
double that savings when you buy one of the 
computers manufactured by MS! or SWTPC that 
use the superior 6800 microprocessor. 


Programmable 


The BFD-68 is well known for its fine software. The 
system comes with the best disk operating system 
available and we offer a multitude of other com- 
patible software products. These include a BASIC 
interpreter with disk file handling capability. By 
the way, our DOS now easily handles true random 
access files as well as sequential. Also, we have a 
super fast BASIC compiler for business applica- 
tions. In addition, a Text Editor, 2 Assemblers, a 
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THE SSB 5150 
FLOPPY DISCOUNT 


dpa 


Trace Disassembler useful for program debugging 
and an Object to Source Code Generator are all 
stock items available for immediate delivery. 

А word processor will be available very soon. 


Reliable 


We delivered our first mini-floppy disk system a 
year ago — 6 months ahead of any other 6800 
based mini system. Thus, we've had twice the 
experience in building reliability into the system. 
Our NEW disk controller was designed using all 
we have learned in the past year about system 
reliability. 

The ABFD-68 contains all the built in reliability 
of our regular BFD-68 plus you save money by 
supplying your own cabinet and power supply 
for the disk. 


Available 


We've shipped literally tons of our BFD-68 disk 
system in the past year and have learned to keep 
our production up with demand, Give us a call and 
chances are we'll be able to ship you the new 
ABFD-68 from stock and charge it to your Master 
Charge or Visa card, Better yet, ask us for the name 
of the computer store nearest you that carries our 
complete line of computer products. 


Р.О. Box 2017, Hollywood, CA 90028 • (213) 462-5652 
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Figure 1: The author's minifloppy interface circuit. This circuit uses a 4 K bit buffer memory, (CIO, as a Rey element of its 
operation. For output, this memory is addressed one bit at a time by writing to addresses 9000 to 9FFF of memory address 
space thru counters IC1, 1С5 and IC11, Bit О (low order) of the word written to memory is stored in the appropriate bit. For 
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input, data from the disk drive is serially stored into the memory with the clock derived from the input signal advancing the 
address counter. Then after a physical read operation has defined the contents of the 4 K memory part, it can be read by load- 


ing and testing bit 1 of each location from address 9000 to 9FFF. 
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6800 developmental system.) The Wangco 
82 warms noticeably during continuous 
operation (probably due to its slightly 
larger step motor), but this is not objection- 
able. The lack of heat should contribute 
significantly to long-term reliability in the 
small floppies. 

Fortunately, the DC motor chosen for 
use by both Shugart and Wangco is not a 
cheap cassette recorder motor. А tachom- 
eter, integral to the motor, provides feed- 
back to hold the speed constant. Increasing 
the motor's load (eg: thumb on flywheel) 
causes no appreciable change in motor speed 
as perceived on a strobe disk, and no data 
errors. The service life of the motor is 
quoted as 8000 hours, an order of magni- 
tude better than most cassette recorder 
types. At two seconds or less per data 
transfer, the motor should last almost 
indefinitely. 

The motor is turned on by introducing 
a TTL zero (low) logic level on one of the 
interface lines. Shugart and Wangco both 
recommend a onc second delay for the 
motor to come up to speed following 
turn on, and Shugart suggests a one second 
oneshot to signal readiness for data move- 
ment. | provide this delay in software where 
necessary. Since many of my operations are 
manual (ie: keyboard entered disk operating 
system commands), inherent delay in usage 
masks the motor's startup latency. 

Power for the unit is simplified by the 
lack of any negative voltage. Only +12 VDC 
at approximately 1 À and *5 VDC at ap- 
proximately 0.5 А are required. 


Spiral Steps 


The Shugart and BASF drives differ from 
full-size floppy units by not using a lead 
screw to drive the head carriage assembly. 
Shugart uses a disk with a spiral groove, 
rotated by a step motor; the head carriage 
rides in the groove on a single ball bearing. 
This can be the source of confusing prob- 
lems during improper operation, since no 
stops are provided at the track 00 and track 
35 points. The head carriage is free to run 
out of the groove somewhat like the needle 
on an old record player when the song is 
over. Once the groove is lost, numerous 
step pulses must be issued until the groove 
is again found and track 00 accessed. During 
proper operation, however, this confusion 
should never arise. 

The small floppies use a track 00 switch 
to indicate head position over Lhe outermost 
track, as do the full-size floppies. Except 
for the ''lost groove" problem described 
above and timing of the step pulses, hard- 
ware and software techniques used on full- 


size floppies are directly applicable to the 
small floppies. 


Recognition of Sectors 


In the Memorex units, the INDEX pulse 
is already separated from the SECTOR 
pulse. This is not the case with small floppies. 
|t is a simple matter to add a oneshot and 
logic gates to extract the INDEX pulse from 
the combined pulse train, but this circuit 
must be provided by the user. 

The number of sectors for hard sectored 
systems may be either ten per track or 18 
per track and 15 solely a function of the 
diskette used. 


Speed 


The minifloppy data transfer rate is half 
that of most large floppies. This is due to 
the reduced bit density recorded on the 
media, and to the reduced diskette rotation 
speed (300 rpm). The extra delay due to 
increased rotational latency is quite notice- 
able to the user. 


Extracing the Data 


Similar to the SECTOR and INDEX 
pulse situation above, the user of the small 
floppy must also separate the data which is 
read from the clock pulses. The Memorex 
and other full-size drives provide these two 
signals individually, but the small floppies 
don't, 

The circuit which the user must provide 
to accomplish this separation may be elegant 
or simple, depending on the user's needs 
and tastes. Shugart complicates the data 
separation problem by discussing bit posi- 
tion shifts (in time) due to adjacent ones 
or zeros. They recommend different time 
windows depending on whether the previous 
bit cell was 1 or 0. This technique is in- 
tended to provide greater reliability. | did 
not use either of Shugart's recommended 
circuits; | also ignored the bit shift problem. 
The circuit used (see figure 2) has a single 
6 us oneshot and defines the data window 
somewhat differently. (More on this later.) 
The reliability of this circuit is such that the 
drive never makes hard errors and rarely 
(less than one per day) makes soft errors. 
In double density operation the more 
elegant approach to the problem of data 
separation would undoubtedly be needed. 
Fortunately, the low bit density of the small 
floppy allows me to take a relatively lax 
approach. 


Shugart versus Wangco 


Both the Shugart and Wangco mini- 
floppies pass data with excellent reliability. 


Memory 


S-100 BUS COMPATIBLE: 
Such as ALTAIR™, IMSAI, SOL, 
POLY, XITAN, etc. 


Featuring: 


1. Capacity: 32768 Bytes for model 3200 
16384 Bytes for model 1600 

2. Addressing: Each 4k block separately addressable 
on any 4k boundary. Allows memory to be placed at the 
top, bottom, and anywhere in between. 

This feature overcomes the problem of working with 
software that requires memory in different places. 

3. Wait states: none 

4. Speed: under 500 ns. 

5. FULLY STATIC: no clocking, no refreshing. 

6. Memory chips: High quality/reliability 4kx1, 18 pin 
static manufactured by Texas Instruments and second 
sourced by others. 

7. Fully socketed: even the 16k board contains sock- 

ets for all 32k of memory. 

8. Fully assembled, tested, and burned in. 

9. Lower power than equivalent capacity of low power 
2102 type memory. And only one slot! 

10. ОМА Compatible 

11. Fully Buffered: АП address and data lines buffered 
with powerful state of the art buffers equipped with 
Schmitt triggers on their inputs. 

12. Special Thermal Design: Each 4k of memory has a 
separate regulator thereby distributing the heat 
dissipation over 8 separate regulators. They are placed 
at the top of board to allow the most efficient heat 
dissipation possible. 


Call:(215)779-3677 or 

Use the coupon to order 
Assembled, Tested Model 3200: 32k $999. 
and Burned in: Моде! 1600*: 16k $599. 
*assembled with sockets for 32k but tested and sold 
with only 16k. 

16k Expansion Kit: Model 1601: 16k of memory to up- 
date the Model 1600 to a model 3200. $499. 
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NEW! 


32K 16K Static 


Trace Electronics new, flexibly featured, state of the 
art, 32k STATIC RAM comes fully assembled, thor- 
oughly tested, burned in and warranted for only $999. 
For further information and fastest service call 215- 
779-3677. 
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V would like to order the following: " 
‚_ Model 3200 32k Static Memory. Assembled and a 
tested 5999. a 
СГ Моде! 1600 16k of memory on ihe above 32k board. 
Assembled with sockets for 32k and 1 
tested with 16k. $599. 
Model 1601 16k expansion kit for арома. $499. 


My address is: 
Name 
Address 
Сиу State zip 
Phone 


Enclosed ts а check or money order lor |. 1. 
Please charge the ilamis) I'va marked above 10 my 
credit card 


L Visa Card No. —“ 
L Mastercharge Exp. dale 
A digits abova name 
—- (Mastercharge only) LII 
Signature 


Note: Address lor credil card orders must be the same 
as thal on file with the credit card company. 
Mail this coupon 10; Trace Electronics Incorporated 
P.O. Box 3247 Hampden Station, 
Reading, Pennsylvania 19604 
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Note: Since this article 
was written, author Allen 
notes that both Shugart 
and Wangco ауе re- 
designed portions of the 
printed circuit boards and 
mounting hardware. The 
descriptions on this page 
are based on eariy models 
of the designs. 


DATA/CLOCK С> 
(FROM DRIVE) 


INCOMING 
DATA/CLOCK 


ONE-SHOT 
Q OUTPUT 


SEP CLOCK 


DELAYED 
SEP CLOCK 


DELAYED 
DATA /CLOCK 


DATA LATCH 
OUTPUT 


Significant differences do exist between the 
units, but they are largely mechanical; it 
is difficult to fault either unit for its electri- 
cal performance, in single density operation 
at least. 

The most obvious difference is Wangco's 
use of a conventional lead screw for head 
positioning, as noted earlier. This makes 
the Wangco drive look like a miniaturized 
version of a standard drive. 

On Wangco’s drive, all parts, including the 
motor controller, are mounted on a single 
printed circuit board. Wangco uses the 
Fairchild 7391 motor controller integrated 
circuit, while Shugart employs its own 
motor controller using a 741 op amp plus 
discrete components on a separate printed 
circuit board. Both Wangco and Shugart 
изе the same Buehler DC motor and 
tachometer. 


+5 CLOCK | DATA BIT 
EXTRACTOR | LATCH 
CIRCUIT j CIRCUIT 


— 
— 
=“ — 


Wangco has a second set of index and 
write protect LEDs already installed in the 
drive that allow recording on the flip side of 
standard diskettes. Shugart uses a micro- 
switch to sense write protection, and there 
appears to be no provision for addition of 
either a second switch or second sector LED. 

Wangco's printed circuit board is an- 
chored by four standard 4-40 machine 
screws. The body of Wangco's power con- 
nector is mounted parallel to the plane of 
the printed circuit board facing rearward 
and anchored to the board with a nylon 
tie wrap. On the Shugart drive, the main 
board is gripped loosely at the edges by four 
spring clips which are held in place by 
Tinnerman style nuts over plastic posts. 
The board is susceptible to being pulled 
loose from the frame. Shugari's power 
connector is mounted at right angles to the 
board with the lower rear corner facing 
inward. If the power cable is given a good 
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Figure 2: A circuit for separating data pulses from clock pulses in the author's system. Data and clock pulses arrive mixed to- 
gether at the input to [C25a. 1C26, a oneshot, provides an output pulse to the data bit latch, 1C27a, in such a manner that only 
clock pulses are outputted at SEPCLOCK. The timing diagram shows the effect of intentional propagation delays (exaggerated 
here for purposes of illustration). The delayed DATA/CLOCK signal clocks data flip flop IC27b off during clock pulses because 
the clocking occurs during the time of the delayed SEPCI ОСК low level, 
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Everyt 
wanted to 


The ultimate book 
about microcomputers. 
Written by experts 


. SCELBI and BYTE. Over 
400 pages. A collector’s item, 


featuring The Basics 


you've ever 


ow about 
microcomputers in 


ONE complete 0 
for only $10.95 


e 


from the first 16 issues of BYTE and SCELBI’s 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edition. 


ou can't buy information 
Y == like this any- 

where. This is the book 
that everyone who is into micro- 
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita- 
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro- 
fessional authors, who know and 
love microcomputers from the 
ground up. Logical and com- 
plete, it features many glos- 
saries, and is illuminated with 
profuse illustrations and photo- 
graphs. 

The Scelbi/BYTE Primer is 
divided into four logical sec- 
tions, that take you from point 
"Q'" through building апа pro- 
gramming your own computer... 
step-by-step-by-step. 

What can you do with a micro- 
computer? Checkbook balanc- 
ing. Recipe converting and food 
inventory. Heating and air condi- 
tioning control. Home and busi- 
ness security and management. 
Playing the ponies. Analysis of 
the stock market, Maintaining 
massive data banks. Self-instruc- 
tion. Toys and games. Small 
business accounting and inven- 
tory. And lots, lots more. 
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How does a microcomputer do 
it? Lots of "how to" theory. In- 
troducing you to microcomputer 
operation. 6800, 6502, 280 CPU 
chip capabilities. RAM and ROM 
memories. Addressing methods. 


THE 
SaF PIEUTE 
PRITIER 


Over 400 pages. Selected articles 
from BYTE and SCELBI books. 
Profusely illustrated. Many 
photographs. $10.95, plus 50£ 
shipping and handling. 


How to control peripherals. 
Transmission of information to 
and from computers. Magnetic 
recording devices for bulk stor- 
age. Analog to digital conver- 
sion. How a computer can talk. 
Other 1/0 techniques. And more. 


Order your copy today! 


SCELBI COMPUTER 

CONSULTING INC. BITS 

Post Office Box 133 PP STN | 70 Main Street 
Dept. B Peterborough, NH 
Milford, CT 05460 03458 


Prices shown for North American customers. 
Master Charge. Postal and bank Money 
Orders preferred. Personal checks delay 
shipping up to 4 weeks. Pricing, specifica- 
trons, avallabilty subject to change without 
notice, 


Over 400 pages. Full 812” x 11" size. 


All about building a micro- 
computer system. Over 12 com- 
plete construction articles. Flip- 
flops. LED devices. Recycling 
used ICs. Modular construction. 
Making your own p.c. boards. 
Prototype board construction. 
Make your own logic probes. 
Construction plans for 6800 and 
Z80 computers. Building plans 
for 1/05 — TV and CRT displays, 
cassette interfaces, etc. Mathe- 
matics functions. ROM program- 
mer. Plus much, much more. 

How to program a micro- 
computer. Programming for the 
beginner. Assembling programs 
by hand. Monitoring programs. 
Number conversions. Game of 
Hexpawn. Design your own as- 
sembler. Lots more. 

And that's only the beginning! 
Others have spent millions ac- 
quiring the type of microcom- 
puter information found within 
the 400 pages of The Scelibi/ 
BYTE Primer. But, it costs you 
only $10.95, plus 50g for postage 
and handling, complete! You 
know the quality of Scelbi and 
BYTE. This is your assurance of 
excellence throughout this MUST 
text. Order your copy today! And, 
get one for a friend! 
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Power wiring 


table for figures ї and 2. 
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jerk, the board could be dismounted and 
the corner of the board possibly broken 
off at the power connector. 

The two units are indeed plug. com- 
patible. The controller. described | below, 
initially designed for the Shugart drive, 
passed dala la and from the Wangco unit 
with no errors and no wiring changes. One 
minor difference in interlacing is that 
Wungcao uses pin 2 of the interface connector 
às à fourth drive-select line; pin 2 is unused 
on the Shugart unit and only three Shugart 
units can be paralleled without making 
cabling changes. 

The Wangco units head would not load 
when first powered up in my demo ипи, 
lt moved freely with finger pressure when 
power was off, and even pulled in with 


power on when given a little assistance. 
Minor adjustment might have been in order, 
but | thought that perhaps gravity could 
provide the needed assistance. This was 
verified when the unit was turned [80° 
on ils side and it began loading and working 
Hlawlessly. Head load solenoids have been a 
weak point of floppy disk drives at least 
since the Memorex 651. 


The Prototype Controller 


In order to get the minifloppy working 
with the feast fuss, | adapted the original 
controller designed for the Memorex 651 io 
the minifloppy (see figure 1). This per- 
mitted use of all existing disk-based software 
with very few changes (see “A Floppy Disk 
Interface," page 58, January 1977 BYTE). 

The controller uses the same 256 byte 
hard sectors, buffered in the interface card, 
as before. Today, 256 bytes is unnecessarily 
small. Programmable memory prices have 
dropped sufficiently to warrant the use of 
4 512 ог 1024 byte buffer, which could 
significantly increase (he apparent speed of 
the disk. Logistics, nol economics, dictated 
the continued use of the 256 byte sector. 
The hardware and seflware can be easily 
changed to incorporate a larger buffer, 

The similarity of the small floppy con- 
Lroller to ils parent will be readily apparent 
if the schemalics are compared. A reductian 
in chip count results from the smaller num- 
ber of sectors which saves a counter and 
bus driver, and from the use of a single 4 К 
stalie programmable memory in place of 
the separate 2102s of the parent design. 

Two separator circuits are built around a 
74221 dual oneshot: one for sector and 
index pulses and the other for the received 
data and clock pulses. The data and clock 
pulse separator circuit is really just a varia- 
tion of the sector and index circuit. In each, 
4 missing pulse (either an index or data 
pulse, depending on which circuit) is being 
sought. 


Sector and Index Separator 


Sector pulses are consistently present, 
occurring at regular intervals in time, Since 
the anticipated index pulse will occur 
approximately midway between adjacent 
sector pulses, the sector pulses are used to 
define the position of а sampling window. 
The oneshot is used as a galing signal to strip 
the index pulses out of the sector pulse 
train. 

In the sector and index pulse separator, 
the window begins al the trailing edge of 
each input pulse. The presence of the win- 
dow (ie: oneshot fired but not yet run out] 
enables 4 gate which will then pass any 


It Did! 


The MSDD-100 Floppy Disc System offers 
you an inexpensive, modern way to get real 
data processing power from your 5-100 Bus 
Computer System. Disc dies is a must in 
every microcomputer. With the MSDD-100 

stem, this power doesn't cost much more 
than cassette, and is far faster. 

For business applications, disc storage is 
an absolute must. The MSDD-100 has enough 
buik storage capacity to handle hundreds 0 
inventory entries, yet has enough speed to get 
you to any of these records in just a second or 
so. That's power! 

Computer programmers know the 
advantage gained with disc S. Program 
development is speeded up greatly. With a disc 
system, you spend your time writing software, 
not waiting for slow peripherals such as paper 
tape. For example, paper tape can be handled 
at about ten characters per second. Cassette 
tape runs at maybe thirty characters per 
second or so. By comparison, the transfer rate 
with the MSDD-100 Disc System is 15,000 
characters per second. That's fast! 

You can easily put over 90,000 characters 
of data ona fingit diskette, about 5" in 
diameter. The MSDD-100 controller will allow 
you to hook up to three separate drives onto 
your system. That's over a quarter of a 
megabyte on line and accessable in a second 
or two. That's storage. 

For $599, you get the unique, modern 
MSDD-100 Disc Controller Card, the industry 
standard Shugart SA-400 Floppy Disc Drive, a 
comprehensive manual, system utilities 
software and patches into altair basic, and a 
gene cable. We offer fully integrated 

K and extended basic languages at nominal 
extra cost. That's MSD! 
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No, It Doesn't Cost 
a Million Bucks, 
It Just Works Like 


MSD Gets Down to Basics. 

Microsoft, the company that created the 
popular, widely used altair basic, wrote MSD 
Disc Basic, 8K and extended versions. 
Microsoft basic is well know for its power and 
speed. MSD bings you this language for the 
MSDD-100 Floppy Disc System. MSD offers the 
first really compact disc basic, our 8K version, 
and extended basic, with powerful features 
such as double precision number processing, 
formatted data output, multiple data 
terminals, and most efficient memory usage. 
This fine software is now available to every 
MSDD-100 user. MSD basic is also fully 
compatible with the MSDV-100 video system. 


[ үти 


The MSDY-100 video display system is a 
powerful, 5-100 compatible video output 
device. With a high resolution 80 x 24 format. 
The small system user can now have а 
sophisticated video display system 
comparable to the most expensive of video 
terminals. You don't have to settle for less 
anymore! 

The MSDY-100 Video Display System is 
designed around a custom ACSII character 
set. Vertical lines, horizontal lines, and line 
intersections are part of its well thought-out 


repertoire. The upper and lower case 
alphanumeric characters are of the highest 
quality. The MSDV-100 is a memory mapped, 
two board device that can be fed into а 
standard video monitor. Thoroughl 
developed software is included, with a wide 
selection of drivers supplied in both basic and 
assembly language. With MSDV-100 driving 
software, the MSDV-100 becomes an elegant, 
sophisticated video terminal with scrollin 
and cursor control. Full compatability wi 


MSD basic, of course! 
BU MSD 
SYSTHTIS 
A, Ж=Оетет 


2785 So.Colorado Blvd. Sulte 110 Denver, СО 80222. (303) 248-411 
Sanyo Monitor (VM4209) .......... 


Micro-Floppy Disc System........ $499* 
(Assembled) ........... esee $599* 

Video Display System ............ $285 
{АвзетЬей)................... $385 

Additional Drivers ............... $350 ea. 

Diskettes .......................- $4.25 ea. 

*Power Supply not included. 

Micro-Floppy Disc System ........ $599* 
(Assembled) .............. ese $699 


Price Increases Effective Feb. 1 
To place Order, send check, money order or BA 
or MC Card # with exp. date and signature. 
Uncertified checks require 6 weeks process- 
ing. Phone orders accepted. 

Please Send me Ihe following: 


AMOUNT 


Name 
Address 


Cily, State, Zip 
Г] Send me more informalion 
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pulse so long as the window is still open. 
The window closes before the next input 
pulse, so. only an index pulse, if present, 
can pass through to the index output. The 


Double Density Operation 


Much of the interest surrounding 
floppy disks, large or small, centers 
on double density operation. Various 
schemes exist for recording twice the 
usual amount of data on each sector. 
This possibility stems from the fact 
that the FM encoding used on the orig- 
inal floppies is inefficient in the number 
of flux changes used per data bit. By 
switching to a more efficient encoding 
technique (eg: МЕМ, M2FM, Modified- 
Miller, GCR; see /EEE Spectrum, July 
1977) twice the amount of data can be 
recorded on each sector with little 
or no increase in the number of flux 
changes. The new encoding techniques 
are a mixed blessing, however, since 
their bandwidth requirements аге dif- 
ferent from FM, their tolerance of the 
"bit-shift" phenomenon is different, and 
they require a more complex data sepa- 
rator and decoder. FM encoding is still 
the easiest, cheapest, and most reliable 
technique. 

Of the alternative codes used to 
achieve double density, GCR (Group- 
Coded Recording) looks quite attractive. 
Micra Peripherals Inc has implemented 
double density using GCR in a full size 
floppy disk and controller system cur- 
rently being marketed. (For an alluring, 
albeit. incomplete synopsis of GCR, 
sce Computer Design, December 1976 
or Perkin-Elmer Data Systems News, 
June 14 1977.) GCR is nothing more 
than the old standby NRZ with its 
attendant advantages, but, since or- 
dinary NRZ has no clocking information 
and a potentially high DC content during 
long strings of ones or zeros, the data is 
reformatted to eliminate the long strings. 
The reformatting converts cach four bit 
group of original data into five bits of 
group coded data; the five bits in the 
encoded version will g/vays have a mix 
of ones and zeros, even if the real data is 
all in one state. Reformatting in GCR 
can be accomplished in software, as 
opposed to МЕМ, eic, which almost 
unavoidably must be encoded and de- 
coded in hardware. Thus, GCR has good 
possibilities as a low cost, high relia- 
bility scheme for achieving double 
density. 


complement output of the oneshot is also 
used: if the window is open for index pulses 
it is thus closed to sector pulses, and vice 
versa. Thus, the same window which keeps 
sector pulses out of the index pulse line 
also Keeps index pulses out of the sector 
pulse line. 


Data and Clock Separator: 


The FM data and clock separator used 
in this controller is considerably simpler 
than Shugart's recommended circuit. Il 
evolved from an understanding of two basic 
functions which must be provided by any 
such separator: 


l. extraction of clocking information 

2. latching data and holding it long 
enough for transmission te the using 
system 


Shugart's use of the oneshot mixed these 
two functions together, and complicated 
а simple task. The oneshot should be used 
only for the purpose of clock extraction; 
изе of the oneshot to provide a window for 
data taking will result in reduced tolerance 
to bit shifts. The circuit of figure 1 shows 
the clock extractor and data bit latch 
separately. 

The clock extractor uses the oneshat to 
strip any dala pulses out of the data and 
clock pulse train. The oneshot's Lime interval 
extends from the leading edge of the clock 
pulse past the trailing edge of any data pulse 
which might appear within the bit cell. The 
oneshot will then be triggered only by clock 
pulses, and will likewise sel the clock flip 
Пор at each clock pulse's leading edge. The 
clock flip flop will be reset promptly at the 
trailing edge of the incoming pulse. The 
inverter, [C25b, provides propagation delay 
to help insure that the clock flip flop can be 
set by the oneshot. The output of the clock 
flip flop is à train of clock pulses (no data 
pulses) which are synchronous with and 
slightly delayed (by а few nanoseconds) 
from the incoming clock pulses. 

These derived clock pulses are subse- 
quently used in the data bit recovery process. 
The window during which a data bit might 
appear ts ideally described as the interval 
between the trailing edge of one clock pulse 
and the leading edge of the following clock 
pulse. The data bit latch, 1C274, is therefore 
set by the trailing edge of any pulse other 
than the clock pulse. Although both data 
and clock pulses are present at the clocking 
input to the data flip flop, it discriminates 
against clock pulses because the derived 
clock pulses are present at its data input. 
The dual inverters, IC25c and IC25d, pro- 
vide propagation delay which facilitates dis- 


crimination against clock pulses. Thus, any 
pulse that is not a clock pulse will set the 
data bit latch flip flop and be held until the 
trailing edge of the next clock pulse. 


Other Functions 


Since the derived clock pulses are ap- 
proximately 1 us wide, they can be used 
directly as write pulses to store the data bits 
into the programmable memory. The prop- 
agation delay mentioned above also provides 
a slight data hold time which insures that 
the data will be stable at the programmable 
memory's input throughout the duration of 
the write pulse. 

ICs 3a and 3b serve, as in the previous 
design, to synchronize the reading and writ- 
ing operations with the leading edge of the 
sector pulses. As before, it is up to the host 
processor to request a read or write trans- 
action one sector in advance to allow 
the controller to take control at the ap- 
propriate time; ie: if the host processor 
wants to write lo sector 3, it must request 
thís sometime during the reading of sector 2 
so that the controller will be set up and 
ready when sector 3 rolls around. 


Software 
| have modified the software, which was 


previously developed for use with the 
Memorex 651 large floppy, for use with the 
small floppies. The most notable change is 
in the number of sectors per track, which 
is now ten for the small floppy with the 
SA-107 type media. Since the sector size of 
256 bytes is unchanged, no radical changes 
were necessary in the original software. 
The software still fits into a 1 K byte read 
only memory when used in conjunction with 
a Motorola MIKBUG system. When used on 
nonMIKBUG systems, an overhead of 100 
or so bytes will be incurred to support the 
character printing and receiving routines. 


Summary 


A small floppy in conjunction with the 
controller of figure 1 represents perhaps the 
cheapest and easiest way to add a floppy 
disk to a small system. 22 common TTL 
integrated circuits and one MOS integrated 
circuit memory (which is second sourced 
and should be readily available) are used. 
The controller requires no adjustments 
providing that suitable quality components 
are used. Sector buffering on board is again 
used to facilitate independence of any 
particular processor or system configuration 
and permit concurrent interrupt handling 
where desired.m 


At last...DIP Jumpers 
for Faster & Easier 


connections. 


AP DIP Jumpers are the low cost high 


quality solution to bussing between P 


boards, mother boards, backplanes and more. 


Copies of the software 
for the interface are avail- 
able from the author {com- 
plete assembly listing onty, 
no object tapes) for $10. 
Persons interested in a 
printed circuit board or 
complete kit, single ог 
double density, are in- 
vited to inquire about 
Altair (5-100} and SwTPC 
bus compatible versions of 
this controller. Please ad- 
dress all correspondence to 
me at the address shown 
at the beginning of this 
article. 


Available in 14, 16, 24 and 40 pin single ended or 
double ended assemblies, in standard lengths of 
6, 12, 24 and 36 inches. Each assembly has 
molded-on strain relief and line-by-line 
probeability. Contact material is non-corro- 

sive nickel silver.Dielectric is 94 V-O rated. 
Cable options include stranded electric 

pink, rainbow or with ground plane. 


Order from your AP distributor today. 
Our distributor list is growing daily. For the 
name of the distributor nearest you call Toll Free 
800-321-9668. 
Send for our complete AP catalog The Faster & Easier Book. 


Faster & Easier is what we're all about. 


AP PRODUCTS INCORPORATED 


Box 110 * 72 Corwin Drive, Painesville OH 44077 
(216) 354-2101 TWX: 810-425-2250 
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LEARN TO 
PROGRAM 


MICROCOMPUTERS 


And at an affordable price. The 
Modu-Learn™ home study course 
from Logical Services. 

Now you can learn microcomputer 
programming in ten comprehensible 
lessons. At home. In your own time. Al 
your own pace. 

You learn to solve complex problems 
by breaking them down into easily 
programmed modules. Prepared by 
professional design engineers, the 
Modu-Learn™ course presents sys- 
tematic software design techniques, 
structured program design, and prac- 
tical examples from real 8080A 
micro-computer applications. Allina 
modular sequence of 10 lessons . 
more than 500 pages. bound into one 
practical notebook for easy reference. 
You get diverse examples, problems, 
and solutions. With thorough back- 
ground material on micro-computer 
architecture, hardware/software trade- 
offs, and useful reference tables. All 
for only $49.95. 

For $49.95 you learn design tech- 
niques that make software work for 
you. Modu-Learn™ starts with the 
basics. Our problem-solution ap- 
proach enables you to “graduate” as 
a programmer. 


Circle the reader service number be- 
low to receive our free descriptive 
brochure and course outline. 

Use your Master Charge or VISA 
card to order today. Call Pat at (415) 
965-8365. 


Circle 65 on inquiry card. 


711 Stierlin Road 
Mountain View, CA 94043 
(415) 965-8365 


LOGICAL 


SERVICES INCORPORATED 
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Ask BYTE 


TTL TO DRIVE LEDs? 


Are TTL integrated circuit devices 
able to drive LED display devices with 
just a current limiting resistor? 


M V Amiot 
3R Marcel Doret 
92140 Clamart FRANCE 


Yes, it is done quite frequently both 
in production and in homebrewers' cir- 
cuits. The following is a typical con- 
figuration using a 7404. 


+5V 


Note that the critical specification to 
consider is the low level output current, 
noted in the Texas Instruments TTL 
Data Book for Design Engineers as 
lor: Most TTL integrated circuits can 
sinh a current of 16 mA, corresponding 
to a fanout of 10 unit loads at the inputs 
of other TTL gates. Using one LED with 
dropping resistor and a 16 mA current 
would be within nominal specifications 
over the entire temperature range of the 
part; in fact, however, ratings are con- 
servative and an upper bound on the 
actual LED drive current possible is 
the short circuit output current of the 
TTL gate, typically about 50 mA. 
(Manufacturers do not recommend 
shorting more than one output of а 
package at a single time.) What this 
means is that by using something less 
than a short circuit level of current 
it is possible to drive perhaps 20 to 30 
mA and get a brighter display than 
that provided by the nominal 16 mA. 


WHAT DOES REFRESHING FROM 
MEMORY MEAN? 


Since APL uses scads of memory, 
and the most drastic reduction in 
memory price ($1495 for 64 K from 
Extensys Corporation) is for a dynamic 
memory, a crucial problem for APL 
would be its use with a nonstatic 
memory. 

Allen Atwood’s article in August 
1977 BYTE (page 108) says “One would 
not want to refresh a display from 
memory using APL." Why wouldn't I? 
At these new low prices, | am very much 
interested. 15 this memory refreshing 
difficulty just for the 8080, which 
Mr Atwood's article is about, or for 
other microprocessors also? 

Zilog's technical manual for the Z-80 
states that the Z-80's Memory Refresh 
Register "enables dynamic memories to 


be used with the same ease as static 
memories."  Extensys says that 115 
memory board has “complete dynamic 
refresh logic." My question is, can APL 
be properly implemented on the 7-80, 
using the much cheaper dynamic 
memory? 


Henry Williams 
4323 Gleneste-Withamsville Rd 
Cincinnati OH 45245 


Your question is due to two different 
uses Of the concept of "refreshing" 
something. in the context of dynamic 
memory systems, refreshing refers to the 
technique of assuring that every memory 
region of the chips is referenced re- 
peatedly with a certain minimum fre- 
quency of reference. This dynamic 
memory refreshing requirement is in- 
variably satisfied in hardware, whether 
on the memory board itself us in many 
of the available memory boards or by 
logic built into the processor design 
such as the refresh algorithm of the 
7-80. 

Allen Atwood wus referring to a 
different concept, namely refresh af 
visual displays, and in particular the 
classes of displays which require ex- 
plicit programming to generate their 
data on a continuing basis. Typical 
classes of displays which require con- 
tinual programmed refresh — include 
vector displays and point displays. 
(For an example of vector displays 
see Steve Ciarcia's article on page 78 
of November 1976 BYTE; another 
example is provided by "The Beer 
Budget Graphics Interface" of Peter 
Nelson, seen on page 26 of November 
1976 BYTE, and used for the output 
of Dave KruglinskRi's program described 
in "How To implement Space War” 
in October 1977 BYTE, page 86.) In uil 
such programmed display refresh tech- 
niques, assembly language on the typica! 
processor is barely fast enough for 
flicker free images of reasonably com- 
plex pictures. Use of any high level 
language interpreter (including APL, 
BASIC, etc) is more than likely to be 
too slow. But as in the case af dynamic 
memories, тапу display techniques 
involve hardware refresh, in which case 
the speed of programmed refresh is not 
a question. 

in short, since dynamic memory 
refreshing is a hardware task, there is 
no memory refreshing difficulty with 
respect to APL, or uny other language. 
An important point related to this is 
the fact that as far as APL or any other 
high level language is concerned, there is 
not one bit of difference between a 
static and а dynamic volatile program- 
mable memary technology: both forms 
of memory lose all data when power is 
removed; both forms act as а main 
memory resource to the computer. ft is 
true thai dynamic memory must use 
“hidden refresh” schemes to be truly 
equivalent to static memory in all as- 
pects including access time and wait 


States; bul this difference only has 
significance if you are trying to use 
programmed timing loops and the pro- 
cessor's crystal clock to make measure- 
ments of time. tt is true that static 
memory hes a higher parts count (32 
chips for 16 K bytes static versus 8 
chips for 16 K bytes excluding refresh 
logic for 16 K bytes dynamic). It is also 
true thet static memory consumes 
perhaps twice as much power as the 
equivalent dynamic memory. But these 
factors are not major ones in many user 
oriented situations: it is memory capa- 
city which counts most in the choice of 
the product, not how the memory is 
implemented. 

in choosing @ personal computer sys- 
tem, the choice between static and 
dynamic has alf the functional distinc- 
tions for the user of the choice between 
square headlights and round headlights 
in a car: both work, both perform their 
functions. . CHE 


BYTES Bits 


The Future of Personal Computing 
at COMPCON 78 


The personal computer industry #5 
just about three years old; in fact, the 
first personal computer was introduced 
in January 1975, by MITS Inc, Albu- 
querque NM, Subsequently, an entirely 
new industry has appeared, including 
hardware manufacturers, software 
specialists, retail stores, trade publi- 
cations and computer trade shows. 
Personal computers have already had 
a profound impact on hobbyists and 
industrial users. With the development 
of new application software, micro- 
computers are rapidly being adapted 
for business, professional and educa- 
tional uses. In just three years, personal 
computing has been placed within the 
reach of every consumer with as yet 
undetermined and possibly far reaching 
consequences. 

With these points in mind, COMP- 
CON 78, Jack Tar Hotel, San Francisco, 
February 28 thru March 2 1978, will 
present a look at the phenomenon of 
personal computing. Four panel sessions 
have been arranged with experts who 
will be discussing various aspects of the 
computer revolution, These panel ses- 
sions start al 7 PM and cover topics such 
as "Women's Contributions in Innovative 
Computer Applications" on Monday, 
"Robotics and Bionics" on Tuesday, 
“Editors of Computer Magazines" on 
Wednesday, and “Computer Art and 
Music" on Thursday. Each session is 
arranged ic provide a broad spectrum 
of end users with the opportunity to 
hear about and discuss the latest ad- 
vances in each of these areas. Panelists 
include experts in computer based 


Introducing 
Bit Pad. 


The new, 
low-cost digitizer for 
small computer systems. 


Bit Pad is the newest product from Summagraphics the leading 
producer of professional digitizers. It has a small 11-inch active area and 
a small $555 price tag But the list of applications is as big as your 
imagination 

Better than a joystick or keyboard for entering graphic information. 
it converts any point on a page. any vector, any distance into its digital 
equivalents It's also a menu for data entry. You assign а value, or an 
instruction to any location on the pad. At the touch of a stylus. it's 
entered into your system. 

Who can use 1? Anyone from the educator and the engineer to the 
hobbyist and the computer games enthusiast. The data structure is 
byte oriented for easy compatibility with small computers, so you can 
add a power supply, stand-alone display, cross-hair cursor and many 
other options. 

$1,000.00 creativity prize. You can also add $1,000.00 to your 
bank account as a reward for your inventiveness. Just write an article 
on an original Bit Pad application and submit it to any national 
small-computer periodical If the editors publish it and the decision 
is solely theirs - Summagraphics will pay you $1.000.00. Contact 
Summagraphics for rules concerning this offer. 


А4 
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corporation 


35 Brentwood Ave., Box 781, Fairfield CT 06430 
Phone(203) 384-1344 TELEX 96-4348 
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bio-feedback, members of the US 
Roborics Society, individuals involved 
in educational representatives from 
several of the major manufacturers of 
microcomputer equipment, and experts 
in computer art and music. 

Hopefully these discussions could 
help shape the future of personal com- 
puting. Special exhibits will also be 
available for hands-on learning: from 5 


PM to 10 PM Monday thru Wednesday, 
attendees will be able to get firsthand 
experience with a broad range of 
equipment including speech synthesizers, 
video terminals, disk systems, code 
graphics, and a wide range of micro- 
computer main frames and peripherals. 
The conference registration fee covers 
attendance at all personal computing 
sessions and exhibits. There is a regis- 


Circle 84 on inquiry card. 


HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 


Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits — the very first night 
— even if you've never used a computer before! 


RCA COSMAC microprocessor/mini- 


SPECIFICATIONS 
ELF II features ап RCA 
COSMAC COS MOS 8-bit 
microprocessor address- 
able Lo 64k bytes with 
DMA. interrupt, 1б regis- 
ters, ALU. 256 byte RAM, 
full hex keyboard, iwo 
digit hex oulput display, 
5 slot plug-in expansion 
bus. stable crystal clock 
for timing purposes and a 
double-sided plated- 
through PC board plus 
RCA 1861 video IC to dis- 
play any segment of mem- 
ory on a vidco monitor or 
TV screen. 


USE ELF II FOR,., 
GAMES 

Play Interactive keyboard games, 
games with analog inpuls, games 
ulillzing your TV set for a video 
display! 

GRAPHICS 

Create pictures, designs, alpha- 
aumerics and fabulous animated 
offecis on your TV scresn for 
hour after hour of family (unl 


CIRCUIT DESIGN 
Design circuits using a micro- 
processor, Use ELF Il as a 
counter, alarm system, tock, 
controliee, thermostat, timer, 
telephone dialer, eic. The pos- 
sibilllies are intinitel 
Coming Soon! 

Exclusive Netronscs Plug-in 
Program Debugger and monitor 
allows visual display of any 
program on a clock pulse by 
tlgck pulse basis to help you 
learn programming f-a-s-tl + 4k 
memory * Cassette 1/0 * D to 
A, Ato D * Controller plug-ins. 
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computer 


A THOUGHTFUL GIFT 
FOR ANYONE WHO MUST 
STAY UP TO DATE IN 


COMPUTERS AND 
ELECTRONICS ! 


ET 500% 


чин шин шаш ана --— umm SEND TODAY emm eum um um um um 
ETRONICS R&D LTD., Dept. 


BY2 1 


333 Litchfield Road, New Milford. CT 06776 Phone (203) 354-9375 і 


Yes! [| want to run programs at 
hone and have enclosed. 
L] $99.95 plus $3 p&h for RCA 
COSMAC ELF II kit. Featured 
in POPULAR ELECTRONICS. 
Includes all components plus 
everything you need to write 
and run machíne language pro- 
grams plus the new Pixie chip 
that lets you display video 
graphics on your TV screen. De- 
Signed to give engineers practice 
in computer programming und 
microprocessor circuit design. 
ELF II is also perfect for college 
and college-bound students (who 
must understand computers for 
any спріпесгіпр. scientific or 
business career). Easy instruc- 
tions get you started right away, 
even if you've never used a com- 
puter before! 

As your need for computing 
power grows, five card expan- 
Sion bus (less connectors) allows 
memory expansion, program de- 
bugger; monitor, cassette 1/0, A 
to D and D to A converters, 


PROM, ASCII keyboard inputs, 
eu inm eu) c ста amen quer um reum 


controllers, ete. (soon 
availible as kits). Manual in- 
cludes instructions for assembly, 
testing, programming, video | 
graphics and games. pius. how 
you ean get ELF П User's Club | 
ulletins, Kit can be assembled 
in a single evening and you'll 
still have time to run programs, 
including games. video graphics, 
controllers, etc., before going to 
bed! (1 $4.95 for 1.5 amp 6.3 
VAC power supply, required for 
ELF J! kit. O $5.00 for RCA 
1802 User's Manual. 
OT want mine wired and tested 
with the power transformer and 
RCA 1802 Users Manual for 
$149.95 plus $3 p&h. 
Conn. rcs. add sales tax. | 


NAME — — - 
ADDRESS 
CITY. 


STATE___ ZIP. 
O Send info on other kits! 


Dealer Inquirtes Invited 
Sy SS АВ РЕ] (Е E | 


to be 
І 


tration fee of $5 for individuals wishing 
to only attend the personal computing 
sessions and exhibits. 

Organizers Alice Ahlgren, marketing 
manager, Cromemco Inc, Mountain 
View CA 94040, (415) 964-7400; and 
Robert Albrecht, Author, Dragon, and 
Friend of Children, Menlo Park CA 
94025, (415) 323-6117, will be glad to 
supply more information. 


A Course 


А 2 week course in the fundamentals 
of digital electronics and microcomputer 
interfacing will be held at Virginia 
Military Institute from July 17 thru 
Juiy 29 1978. 

For information and registration 
forms write to Dr Philip B Peters, Dept 
of Physics, Virginia Military Institute, 
Lexington VA 24450. 


A Note for Robot Experimenters 


The September 1977 issue of Dr 
Dobb's journal, volume 2, number 8, 
arrived here recently. In it readers will 
find a contribution entitled "An Inter- 
active Programming Language for Con- 
trol of Robots" by Lichen Wang. The 
item includes a description of the lan- 
guage, as well as 8080 code for the inter- 
pretive language, assembled beginning at 
location 0 in address space and assuming 
peripherals in the form of a Processor 
Technology VDM-1 at locations CCOO 
to CFFF and an ASCII keyboard input 
port. The robots envisioned by this 
software are represented as simulations 
on a graphic display, a useful first step 
towards debugging and implementation 
of motion programs and strategies. Dr 
Dobb's Journal can be reached at POB 
E, Menlo Park CA 94025. Back issues 
are available while they last at $1.50.8 


ALPHA Z-80 $ 495 


ASSEMBLED 


12 SLOT MOTHER BOARD 
12 CONNECTORS (S-100 BUS) 


17 AMP POWER SUPPLY 


HEAVY DUTY CABINET WITH FAN 
7-80 CPU BOARD: А! Sockets Included, Gold Con- 
tact Fingers, High Quality Glass Epoxy PC Board, 


Double-Sided, Plated Through Holes, Requires Only 
* 8 VDC / 800 MA. 
NOTE: 22 SLOTS/30 AMP POWER SUPPLY - $595. 


ADS also sells IMSAI and NORTH STAR Assembled at Kit Prices + LEAR 


SIEGLER ADM 3A Assembled at $888.00. 
(N.C. Residents add 4% Sales Tax.) 


ALPHA DIGITAL SYSTEMS 


Data Acquisition, Computation and Control 


Prices include Freight. 


ADS 


TERMS: Cash with Order. 


ROUTE 4 BOX 171A 


BOONE, NORTH CAROLINA 28607 


Circle 2 on inquiry card, 


Circle 79 on inquiry card. 


Clubs sad 


МР 1 
QUALITY CONTROL TEST 


VEVBOHFO TEST 700 Baud FS2S2 SERIAL PORT 
FEYEQHRD TEST 188 BRE! CURRENT LOOP 
IM LIKE TEST 9600 EHUD RS232 SERIAL FORT 


А WEAF AROUND 
Conducted by David Wozmak : its whe Tl3456r89ui2 34567890 
> f авз 12] 3456789ea 
BODAS Wee rar Opes 
i DE 65 zi ir иы ны н 

чарт Peu SANG Mr 


Newsletters 


Apple | Library wee ee Tuan Ж Syn 


Pewee 
D riui 


А software and hardware library for 
Apple | users has been started, and all 
material will be available to interested 
people at cost. If you wish more infor- 
mation, write to Joe Torzewski, 51625 
Chestnut Rd, Granger IN 46530. 


Need Hard Copy? 


Hobby Computer Club TRY OUR SOFT PRICES 
Located in Belgium and the Netherlands, $425 
the Hobby Computer Club is a Dutch- Complete standalone 40 colume impact dot matrix printer with a 64 
speaking club with more than 230 members. character ASCII set Includes power supply casework and interlace 
: z x electrones lor connection (о а mini micrn processor parallel регі 
Their first central meeting, held on Serial interlace versions for RS23? ‘current loan apnlicatians starl at 
October 31 1977, was a big success, with $575 in single quantity 


more than 140 members attending. Ten 
different types of computers were present, 
and the spirit of the members was high. 


m Box 22101 
At the present time about one third of AX m Ж Salı Lake City, Utah 84122 
the club's members have computers up and (B01) 364-2411 


SEND FOR FREE LITERATURE 


THE SCELBI/BY TE PRIMER 


The problem solver is here! The Scelbi/BYTE Primer is more than a reference book, 
more than an idea book. [t is a truly authoritative wide ranging text, featuring articles 
by more than 50 recognized professional authors who know and love microcomputers. 
Whether you're just learning the basics of programming, a business person looking for 
efficient methods of Inventory control and stock market analysis, or an old hand in need 
of information on designing your own assembler, the information you need is here. 
Many glossaries, profusely illustrated, over 40D pages. You won't want to be without this 
must text from the leaders in the field. Only $10.95 plus 50 cents for postage and hand- 
ling. Send coupon today or dial your order on the BITS toll free hot line: 800-258-5477 
(book orders only). in New Hampshire, call: 924-3355, 9 to 5 EST. 


Please note: The BITS hot line operators | Name 
are equipped to handle Bank Americard and 


| | 
Mastercharge customer orders only. Please | Address | 
have your credit card number ready before | | 
you call. А ‘ 
Gor Toa К ы, ; iy Zip 
We invite dealer inquiries on the Scelbi/ | ci State zi | 
BYTE Primer. | | 
| SCELBI/BYTE PRIMER Bookís) @ $10.95 $ Е | 
Postage, 50 cents $ 
Send today to: | | 
aitsi | Total $ | 
‚ Inc 
70 Main St | D Check enclosed | 
Peterborough NH 03458 | OR D pill MC zx РА ff Fi _ Exp. Date | 
| == oBilBAF fi " / Exp. Date 
|. w— 
, СТРА Signature —1— | 
Dealer inquiries invited. | | 
| In unusual cases, processing may exceed 30 days. 
All orders must be prepaid. You may photocopy this page if you wish to leave your BYTE intact. | 
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THE BETTER BUG TRAP 
DEBUG 
AND 


CONGUER 


Altair/IMSAI compatible board catches program bugs and 
provides timing for real-time applications. 


Four hardware breakpoint addresses. Software breakpoints 
only possible at instructions in RAM. Better Bug Trap 
breakpoints can be in ROM or RAM, and at data or 
instructions in memory, input/output channels, or stack 
locations. 


Board can stop CPU or interrupt CPU ata breakpoint. 


Real-time functions: watchdog timer, real-time clock {for 
time of day clock), interval timer. 


Sophisticated timesharing made possible! 


Unique interrupt structure: generates a CALL instruction to 
your subroutine anywhere in memory, not a RST! 


Addressed as memory. All parameters set easily by software. 


All this and more for about the price of a real-time clock 
board, but nothing else does the job of the Better Bug Trap. 


$180, assembled and tested. 2 manuals plus software. 90 day 
warranty. Shipped UPS. Delivery from stock. 


Mlicronics & 


BOX 3514, 123 WEST 3RD ST., SUITE 8 
GREENVILLE, NC 27834 


Boards DO Something 


CL2400 
Real Time Clock 


systems, inc. 


$98—kKit $135—Assembled 


If your system needs to know what time il is, our CL2400 is 
the board for you. The present time in hours, minutes, and 
seconds is always available for input, and is continuously 
updated by the highly accurate 60 Hz power line frequency. 
Need periodic interrupts? The CL2400 can do that, too, at any 
of 6 rates. Reference manual with BASIC and assembly 
language software examples included. 


PC3200 
Power Control System 


PC3232 $299—Kit 
РСЗ216 $189— Kit 
PC3202 $39.50—Kit 


$360—Assm 
$240—Assm. 
$52—Assm. 


If your system needs on/off control of lights, motors, 
appliances, etc., our PC3200 System components are lor 
you. Control boards allow опе !/О port to control 32 (PC3232) 
or 16 (PC3216) external Power Control Units, such as the 
PC3202 which controls 120 VAC loads to 400 Watts. Optically 
isolated, low voltage, current-limited control lines are 
standard in this growing product line. 


P.D. Box 516 
La Canada, CA 91011 
(213) 790-7957 


systems, inc. 
(formerly comptek) 
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running, and another 60 percent are going 
to be using the 6800 processor for their 
planned systems. 

For more information, write to HCC, 
Delftsekade 12, 2266 A] Leidschendam 
NETHERLANDS. 


Cosmac Elf Club 


A user group for the Cosmac EIf has been 
started in Houston TX. The group sends 
out a monthly newsletter with interesting 
articles pertinent to the Cosmac Elf, such as 
an ASCII keyboard interface for the Elf. 

For more information and a compli- 
mentary copy of the newsletter, write to 
Charles E Manry, 2012 Williamsburg Ct S, 
League City TX 77573. 


TI-59 Newsletter 


The main emphasis of this newsletter is 
on the exchange of Т1-59 calculator pro- 
grams related to gambling (especially horse- 
racing). It also deals with business and 
practical applications of the calculator. 

The club, masterminded by Hal Davis, has 
over 1000 members. The membership fee is 
$24 per year, which includes the newsletter, 
a program catalog, toll-free information 
numbers, a marketplace, and more. 

The money goes toward paying for 
articles and programs published in the 
newsletter. To find out more about this 
organization, write to Hal Davis, Mathe- 
matical Applications Service, POB 149, 
New York NY 10956. 


Boston Computer Society 


The Boston Computer Society (BCS) is 
an association of computer hobbyists, pro- 
fessionals and people interested in the com- 
puter field. Because BCS serves the con- 
stantly changing needs of its members, the 
program varies at each meeting. In general, 
the group functions as a resource center and 
information exchange for those involved or 
interested in the computer field. 

The monthly gatherings are divided into 
three parts: a guest speaker, an “Answers to 
Questions" session and an open period. The 
guest speaker is generally a professional 
who presents an interesting computer 
application or related skill. An attempt 
is made to appeal to nearly all levels of 
interest. The "Answers to Questions" period 
allows attendees to use the combined 
knowledge of the society to solve problems 
such as product searches, computer access, 
technical problems, etc. The open period 
allows members to meet one another, read 
the current computer magazines, try out one 


or more of the available computers, or 
participate in various activities, 

At the present time, meetings are held at 
7:30 PM on the fourth Wednesday of each 
month, except July, at the Commonwealth 
School, 151 Commonwealth Av, Boston. 
The school is located on the corner ol 
Dartmouth St in Boston's Back Bay, one 
block from the Boston Public Library and 
the Copley MBTA stop. 

Admission to the first meeting is free. 
Dues are $5 per year. Membership includes 
admissian to all Boston Computer Society 
sponsored activities, and notification of each 
meeting by mail. Write to the Boston Com- 
puter Society, 17 Chestnut St, Boston MA 
02108. 


BASIC 


Bridgeport Area Computer Club will now 
be known as BASIC (Bridgeport Area 
Society for Involved Computerists). The 
society meets on the first Wednesday of each 
month at Trumbull Town Library, located 
about four miles north of exit 48 of the 
Merrit Parkway. The Society publishes a 
monthly newsletter called = MiécroFlash. 
Membership is open to all interested in 
computers. Annual dues are $8 for regular 
membership and $6 for student membership. 
For further information, write to BASIC, 
12 Wildwood Dr, Trumbull CT 0661 1, айп: 
Al Song. 


Sci-Fi Letter Network 


A science fact and science fiction letter 
network, called ALC Transfer, 15 being 
formed. Its purpose is to allow people inter- 
ested in computers and science fiction to 
find other people in their fields with whom 
to share this interest through correspon- 
dence. Send a SASE to Bill Callahan, AEC 
Transfer, Computer Division, 8 Gedney Way, 
Newburgh NY 12550. 


PACC 


Pittsburgh. Area Computer Club is part o! 
the Midwest Affiliation of Computer Clubs, 
and holds meetings at different times and 
places every month. The February meeting 
will be on the I9ih; contact PACC, 400 
Smithfield St, Pittsburgh РА 15222, for 
location and time. The club also publishes 
a monthly newsletter containing news of 
local events and articles by members, 


TCHG-NT 


The Computer Hobbyist Group ol 
Northern Texas is one of the oldest and 
largest computer clubs in the US. 
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We speak your 
language 


And we're giving you what you want. 

* acomprehensive product line. Hardware, assembled or 
kits, and software from major manufacturers. Plus books and 
current literature. Financing available. 


* atrained, enthusiastic staff. We'll help you choose or 
design the system that's right for you. No high pressure here. 


* service when you need it. We won't sell you something 


we can't keep UMN 7 
2 


Feb. 


Mar. 


Apr. 
Apr. 
May 
Jun. 
Jun. 


* a brand new facility 
in Pennsylvania. 

We'll be able to 

serve our South Jersey- 
Pennsylvania customers 
тоге efficiently now. 

* a bigger, better New 
Jersey store. We ve 
enlarged our showroom 
in Iselin. Now there are 
more displays you can 
try out. There's more 
room to stock the 
products you need. 


The Microcomputer People. * 


Computer Mart of New Jersey 
Computer Mart of Pennsylvania 


New Jersey Store Pennsylvania Store 
501 Route 27 550 DeKalb Pike 
Iselin, №! 08830 King of Prussia. РА 19406 
201-283-0600 215-265-2580 
Tue.-Sat. 10:00-8:00 Tue.-Thur. 11:00-9:00 
Tue. & Thur. tif 9:00 Fri. & Sat. 10:00-6;00 

(Our only locations} 


Hands on microprocessor short course 
with FREE take home microcomputer 


included in the $499 tuition. 


20-24 Tucson, AZ 
6-10 Huntsville, AL 
3-7 Washington, DC 

17-21 Lafayette, IN 
B-12 Los Angeles, CA 
5-9 Boston, MA 

19-23 New York, NY 


Learn microprocessors first hand 
from the original hands on peopte. 


For more information call Jerilyn Williams, 
(317) 742-6802 or write Wintek Corp., 
902 North 8th Street, Lafayette, Indiana 47904. 
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Bi 6800 Hardware/Software 
E Custom Hardware/Software 
iB In-house short courses 
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21 START-AT-HOME 
COMPUTER BUSINESSES 


in the shoestríng, start-at-home 
computer business handbook 


CONSULTING PROGRAMMING SOFTWARE PACKAGES @ COM 
FREELANCE WRITING € SEMINARS 6 TAPE/DISC CLEANING 
FIELD SERVICE Ф SYSTEMS HOUSES © LEASINGOSUPPLIES 
PUBLISHING @ TIME BROKERS 6 HARDWARE DISTRIBUTORS 
SALES AGENCIES 6 HEADHUNTING @ TEMPORARY SERVICES 
USED COMPUTERSG FINDER'S FEES G SCRAP COMPONENTS 
COMPUTER PRODUCTS AND SERVICES FOR THE HOME 


Plus - - hundreds of ideas on 
moonlighting, going full-time, 
image bullding, revenue building, 
bidding, contracts, marketing, 
professionalism, and much more. 
No career planning tool like it 
ever published. Order now and if 
you're not completely satisfied, 
send it back within 30 days for 

a full and immediate refund. 


@8: X 11 ringbound 6113 pp. 6512.00 
Call 312-945-2940 or mail coupon 


| DATASEAR H ^оло » sure is 


va sr nor ated DEERFIELD, ILLINOIS 60015 
Rush copies of "The Shoestring Start-At-Home 
Computer Business Handbook to me right away - 
NAME/COMPANY 

AODRESS 

CITY/STATE/ZIP 

L]cHECK ENCLOSED[ JBANKAMERTCARD[ MASTERCHARGE 


y: iti ue 


16K RAM 
FULLY STATIC 
INTRODUCTORY 
$4507 KIT PRICE 


10 SLOT TABLE TOP 
MICROCOMPUTERS 
TT-8080. . . KIT $475 


SYSTEM WITH 16K & 1/0 
ТТ-8080-5 ... KIT eS 


ECT-100... KIT $100 


WITH CONNECTORS 
& GUIDES 
P - ECT-100-F... KIT $200 ® 


" MW. CPU'S , MEMORY 
] i in MOTHER BOARDS 
ij PROTOTYPING BOARDS 


"i їй PRONE SURES 
DEALER INQUIRIES INVITED “SHIPPING Е EXTRA 
I ELECTRONIC CONTRUL TECHNOLOGY 


FACTORY ADDRESS: MAILING ADDRESS: 
763 RAMSEY AVENUE P.O. BOX 6 
HILLSIDE, NEW JERSEY 07205 UNION, NEW JERSEY 07083 


CARD CAGE 
& MOTHER BOARD { 
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They currently гип two meetings per 
month, one in Arlington, at the UTA 
University Hall, in room 108 on the third 
Saturday of every month at 1 PM, and the 
other in Richardson at the UTD Green 
Center, room 2.530 at 1 PM on the first 
Saturday of each month. 

Their newsletter, The Printed Circuit, is a 
worthwhile source of comment. Each issue 
includes extensive meeting summaries from 
both Arlington and Richardson, product and 
publication reviews, the “It’s Obvious” 
column of the not necessarily obvious, 
technical articles, and so on. 

The mailing address is TCHG-NT, POB 
1344, Grand Prairie TX 75051. Their infor- 
mation number, which is toll-free from 
either Dallas or Ft Worth, is (817) 265-9054 
or (214) 265-9054. 


Amateur Computer Group of New Jersey 


The АССМ№Ј is an excellent club led by 
Sol Libes, Marty Nichols and a host of 
others. Club activities include users' groups 
for the 6800, 650X, 8080, Z-80, Cosmac, 
and SOL. Éxtensive 8080, 7-80, 6800, 650X 
software libraries are also available. 

Meetings feature presentations by various 
computer manufacturers and knowledgeable 
guest speakers. Locations and times vary. 

The ACGN/ News, edited by Russel Gorr, 
is one of the best monthly newsletters l've 
seen. It has club information, technical 
data, a "Rumor Page” written by Sol Libes, 
bits of information from members, classi- 
fied ads, software, and the “System of the 
Month." Membership, which includes the 
newsletter, is $6 per year. 

Prospective new members can get infor- 
mation by writing to Amateur Computer 
Group of New Jersey, UCTI, 1776 Raritan 
Rd, Scotch Plains NJ 07076. 


Minnesota Computer Society 


The Minnesota Computer Society meets 
the first Monday of each month at 7:30 PM 
at Brown Institute, 3123 E Lake St, 
Minneapolis MN (unless announced other- 
wise). 

The December 7 1977 meeting featured 
Dick Finstad and John Ballenthin describing 
and demonstrating the system they designed 
and assembled. 

Earl Joseph, staff scientist with UNIVAC, 
will present his talk "Future Smart Com- 
puters and Other Future Things" at the 
February 6th meeting. For further infor- 
mation contact Minnesota Computer 
Society, c/o Jean Rice, POB 35317, Minnea- 
polis MN 55435. 


Microcomputer Investors Association 


An association has been formed for the 
purpose of facilitating the exchange of data 
and information relating to microcomputers 
and investing, in the areas of stocks, bonds, 
warrants, stock options and commodities. 
The Microcomputer Investors Association 
is professional and nonprofit in nature. 

In order to benefit from the experience 
of others, there is a basic requirement that, 
at least once each year, each member submit 
an article for publication in the association's 
journal. The initial issue of the journal, 
The Microcomputer Investor, has been 
mailed to members. Article titles included 
"A Proposed Format for Information 
Exchange," "Market Prediction Using 
Fourier Analysis and Synthesis," “Point 
and Figure Analysis (A Computer Pro- 
gram)," "Evaluation of Stock Options," 
“Investment Strategies: A Linear Program- 
ming Analysis." For more information, send 
a SASE to Jack Williams, The Microcom- 
puter Investors Association, 2415 Ansdel Ct, 
Reston VA 22091, or send $30 and an 
article for publication (ten pages or less, 
original, typewritten, double-spaced copy, 
on a subject in some way related to utilizing 
microcomputers for investment purposes). 


Toronto Region Association of 
Computer Enthusiasts 


TRACE began in February 1976 as an 
informal meeting of ten people interested 
in personal computing and quickly attracted 
followers. Since that time it has grown to 
approximately 100 active members and 
about as many casual followers. Approx- 
imately half of the members have personal 
systems of some form. 

The ideas behind TRACE are numerous. 
The main purpose is to foster communi- 
cation and resource sharing among people, 
both hobbyists and professionals, interested 
in personal computing. The meeting format 
usually includes a system demonstration and 
one or two talks on topics related to micro- 
computers. In addition to the meetings, the 
club has a monthly newsletter, group pur- 
chasing, and a library of product literature, 
books and periodicals in the field of small 
computers. Other activities include flea 
markets, exhibitions and a software library. 

The club meets at the north campus of 
Humber College at 8 PM on the fourth 
Friday of the month, and at the Ontario 
Science Centre at 2 PM on the second 
Sunday of the month. For more infor- 
mation contact TRACE, POB 545, Streets- 
ville, Ontario CANADA LSM 2C1.a 
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"2 4 


P 


ADM-3A 695" 


IN KIT FORM and Handling 
• 80 CHARACTERS/LINE • 75-19,200 BAUD 
* 24 LINES/SCREEN » FULL & HALF DUPLEX 


* ADDRESSABLE CURSUR e ODO/EVEN/NO PARITY 
*9, 10, or 11 BIT WORDS e RS232 INTERFACE OR 
20 ma CURRENT LOOP 


GET COMPLETE OETAILS WITH A DIRECT CALL: 
214 258-2414 TWX 910-860-5761 TELEX 73-0022 


WV capita” 


equipment brokers 
930 N. BELTLINE • IRVING, TEXAS 75061 


“ы uum uum e m m — ILLOD E D ШЕШ ЖЫШ E J 


PR шт ewes ишп шил пин ши шш иил ши тщ ши eee теп шы юы шш шешш ы, 
АНЫ БИН ШЕШ БЫШ ЖЫШ БЫШ БЫШ ЖЫШ ШЕШ БЫШ ШЫЙ ЫШ ШЫН БЕШ ын ЫШ А ШЕ Ыл ИШЕ ыш Бш ЫШ ЫШ ШШ ИШ 


% 


COMPUTER IN А 
NOTEBOOK BASED 


G INTRODUCES THE NEW 
R ON THE M6800 MPU 


COMPLETE WITH BATTERIES 
FOR IN-HAND OPERATION 
INCLUDES INSTRUCTION BOOK 
AND SAMPLE PROGRAMS 


BASIC UNIT... $299 


P.O. Box 10767 


Salem Station 
Winston-Salem, N.C. 27108 
(919) 748-8761 
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Dr. C. William Engel's 


RUE 


monster сёле 
diamond thief gone f'shing 


| Ш rare birds P 
А ^. . . Ipst treasure 
Stimulating 
ccn Simulations | 7—————— 


nautical 
navigation 


art suctinn 


dL 
этч а JA ART Д 
pin Ж лин 


А -pape paperback book of ten programs im BASIC for the camputar hobbyist. Each program 
contains a scenario, sample run, flowchart, varfabiet listing, pronran listing, and 
suggested modifications. §§ each. Sead check or money order to: 


Engel Enterprises, P.O. Box 16612, Tampa, FL 33687 


Also avatlable 
THE DEVIL'S DUNGEON 


Unpackaged program listing, Enstryctions, flowchart, sample run. and suggested modifications -- $2. 
goak -- $3.50. 


Presanting a growing lina of 
profassional quatity S 
IMSAT/ ALTAIR -100 
COMPATIBLE BOARD 


8K BLANK RAM BOARD iwi mes — $29.00 


—with MEMORY PAGTECT/UNPROTECT and SELECTABLE WAIT STATES 


Z-80 CPU BOARD $35.00 
—wilh PROVISIONS tor ONBOARD 2708 and POWER ON JUMP 
PROTOBOARD $25.00 


(мему) 2708/16 EPROM BOARD $25.00 


—ассеріх up 1o 15K of 2708 s or 32K of 2716 5 
ALL ВОАЯОЅ FEATURE 
FULL BUFFERING on ALL DATA and ADDRESS LINES' 
SOLDER MASKS and SILK SCREEN' 
DIP SWITCH ADDRESSING! 
GOLD EDGE CONNECTORS 
PLATED THROUGH HOLES 


lexcept for PROTOBOARD 


WATCH FOR OUR 16/64K DYNAMIC RAM BOARD AND 
ADDITIONAL BOARDS TO BE ANNOUNCED FORTHWITH. 
. Q 


IMSAI 8080 Kit 
—with 22 Slot M.B. 


$560.00 | 

PLUS $10 00 SHIPPING X 

2-80 cpu бН!1Р................$22.00 

2-80А cru CHIP..............$25.00 
2708 CHIP................$12.00 


PLEASE ADU $2.00 SHIPPING PER DRDER 


ithaca Audio 


PLEASE CALL (607) 273-3271 
TO ORDER OR OBTAIN TECHNICAL ASSISTANCE. 
OEM and quantity discounts available 


PO BOX 91 
ITHACA, N.Y. 14850 
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Longusges 


Forum 


Comments on 
APL Character 
Generators 


Olav Naass 
Welhavensgt 65 
Bergen NORWAY 


Some writers of letters to BYTE have 
asked for character generator read only 
memories with APL symbols far video dis- 
plays. 

| don’t think a read only memory is a 
good solution. | have counted 33 APL sym- 
bols which don't belong to the ASCII set. 
If they replace the lower case letters, the 
computer is rather useless for text pro- 
cessing. Then comes the problem with super- 
imposing symbols. А video scan cannot 
backspace or rewrite a line like à typewriler, 
so each composite symbol would have to be 
represented in the read only memory as 
another symbol. (Displays with random 
access could indicate the composite symbols 
by changing the constituent symbols be- 
tween each frame scan, but | don't think 
this is a good and practical procedure.) That 
would mean 17 characters extra, and still 
26 in addition if underlined letters are to be 
written. So a 256 character read only 
memory would be required, which | think 
is rather impractical, particularly if ordered 
by hobbyists. Besides, future APL versions 
might introduce new symbol combinations, 

The solution to the problem should he 
to use a video system with programmable 
characters, as used in "The Detailer,” 
an Altair (S-100) card made by Micro- 
Graphics. (I think the same principle is used 
by the Micromind and Noval computers.) 
The Detailer, which displays 16 64 char- 
acter lines, has a 1 K byte directly accessible 
memory whose contents in the usual way 
determine which symbols are to be dis- 
played. But it also has another 1 K byte 
programmable memory block whose con- 
tents determine the appearance of the 


symbols. By inverting a bit in the symbol 
selecting byte one gets the symbol descrip- 
tion information from the programmable 
memory instead of from an ordinary char- 
acter generator. Each symbol position is 
then described as a dot matrix, 8 dots wide 
and 12 dois high, which extends out to all 
the neighboring matrices. Each of the 64 
software determined symbol patterns which 
are simultaneously available is described by a 
12 byte vector in the on card memory, and 
50 of them are required for the APL sym- 
bols. (Underlined letters may be replaced by 
brightness inverted letters through inverting 
a bit in their symbol selection bytes.) 
Replacing the APL symbol set (to obtain 
lower case letters or graphics) involves just 
moving 64 x 12 = 768 bytes in the com- 
puter's memory. 

It's nice to have the computer really pro- 
grammable.® 


Baking Baker 


We received the following letter in reply 
to Roxton Baker's letter (July 1977 BYTE, 
page 11) which referred to P М Lashley's 
"useless, self-serving, supercilious, unneces- 
sary attack on another man's efforts." This 
is a reference to Mr Lashley's original letter 
(February 1977 BYTE, page 77) advocating 
structured programming. 


Shal Farley 
Caltech 1-53 
Pasadena CA 91126 


This being my first letter to the editor, 
| at first hesitated to get involved. But the 
utter idiocy of “Lashing Lashley,” was the 
proverbial last straw. Let me address Mr 
Baker's adjectives individually: 


T. Useless. The only thing that could 
make Mr Lashley's efforts useless are the 
truly ignorant who refuse to learn. 

2. Self-serving. | doubt that Lashley 
has any economic interest in whatever 
form of slow torture hobbyists choose 
for themselves. If he does, | don't. 

3. Supercilious. (Websters Second 
Edition: ‘adjective: lofty with pride; haugh- 
Шу contemptous.") In his efforts to be 
emphatic, Mr Lashley has apparently come 
across as snobbish to the likes of Mr Baker. 
Rather, | found his letter refreshing amidst 
the Pong-Trek-Toe morass. Choosing 
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Let us program you to 


SAVE 


10% DISCOUNT 
ON MOST MAJOR LINES 


5% ADDITIONAL FOR CASH 


SUPER SPECIALS 


TDL ХЇТАМ ALPHA 1.5 КЇТ.............. $ 735°° 
(includes 12K Super BASIC Package А Software] 


IMSAI FABULOUS PCS 80/30 КІТ...... $ 1,015% 
[includes 5'' CRT, Intelligent Keyboard 
8085 MPU-B board] 


PERCOM C812 КІТ..................... Ф 
(multiple I/O cassette and RS-232] 


PERCOM СІ-812 ASSEMBLED & TESTED $ 1009? 


* These prices exceed normal discount schedule. No further discount apphes. 


ЗИМЕ S-100, INC. 
ADDRESS ...... 7 WHITE PLACE 

CLARK, NJ 07066 
INTERFACE ..... 201-382-1318 


FULL MINICOMPUTER 


BUSINESS SYSTEM 


Ready to use... for only 


$ 3,9959 


• Keyboard e CRT 
e Memory e Printer 
• 2-80 Processor 


Dual Mini-Floppies 


BASIC and Full Set of Business 


Programs: AIR, A/P, Inventory, Payroll 
and General Ledger 


— ALSO AVAILABLE — 


WORD PROCESSING SYSTEMS 


Dealer and Sales Agent inquiries invited 


MiniMicroMart, Inc. 
1618 James St., Syracuse, NY 13203 
(315) 422-4467 


Circle 77 on inquiry card. BYTE February 1978 135 


136 


BYTE February 1978 


Circle 128 on inquiry cerd. 


PRAMMER III 
by xybek 


The Ultimate EPROM Memory Board 
For Your S100-Bus Computer 


* Accommodates from 1k to 30k of the above EPROMS, in 
any combination, each addressable on any 1k boundary 
within the board’s 32k address space. 


* 1k of scratch-pad RAM. 

* On-board programming for all three EPROM types. 

ж Tri-state buffers on all address and data lines. 

* Empty EPROM sockets do not require address space. 


ж Available February 1978 for $369.50, assembled, tested, 
ready to run. 


xybek e P.O. Box4925 e Stanford, CA94305 
Telephone: (408) 296-8188 


16K STATIC RAM 


THE WAY YOU LIKE IT 
йк ne orci pm este 


Mi ® all but2114 memories ............ РЕК д 
ВІ АМК BOARD. ИТА 


COMPARE THESE FEATURES: 


* S-100 BUS COMPATABLE 

* COMPLETELY STATIC WITH NO CLOCKED CHIP-SELECT OR REFRESH 

* WILL RUN ОМ Z-80 SYSTEMS AT 4 Mhz WITH NO WAIT STATES 

* WILL RUN ON ALPHA MICROSYSTEMS AM- 100 AND ON DMA SYSTEMS 
* USES 2114 MEMORIES—AN INDUSTRY STANDARD 


е Е OCKS 

* PAGING OR BANK SELECT FEATURE FOR MEMORY EXPANSION AND LOW 
SOFTWARE OVERHEAD TIMESHARING SYSTEMS 

. Ee pat А BUFFERED ADDRESS AND DATA LINES 

@ SINGLE POWER SUPPLY 

* HIGH QUAUTY. 313 PROFILE SOCKETS FOR ALL IC'S 

€ SOLDER MASKED P.C. BOARD AND SCREENED PARTS PLACEMENT LEGEND 
FOR EASE Of CONSTRUCTION AND DEPENDABILITY 


S-100E BUS TERMINATING BOARD $25 
noise, overshoot, ringing, reflection. 


S- 100 00 EXTENDER BOARD $16 


With jumpers in power supply lines for current measurements, Low profile 
so сагі can remain in the machine with cover on. Wide edge connector. 


ICES SHOWN INCLUDE U.S. SHIPPING. WE ACCEPT VISA, MASTER CHARGE, 
CASHIERS CHECK, M.O. ALLOW TIME FOR PERSONAL CHECKS TO CLEAR. C.O.D. 
ORDERS ADD $1. UTAH RESIDENTS ADD 49 TAX. 


DIGITAL Mican SYSTEMS 


BOX 1212, OREM, UTAH 84057 
(801) 224-2102 
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ALGOL or PASCAL over FORTRASH is 
not a matter of reinventing the wheel. All 
three languages have been implemented for 
well over a decade. Rather it is a matter of 
choosing radial ply or steel belted tires over 
wagon wheels. 

4. Unnecessary. In view of the current 
state of micro software, Mr Lashley's com- 
ments were among the most useful things 
l'd read. The thrust of his article was that 
history need not repeat itself. Start with the 
more usable languages. 

5. |s Mr Baker going to throw away the 
decade of work put into structured pro- 
gramming just to conform to the noun? 


Structured programming languages are 
not the toys of wild eyed dreamers, nor are 
they an intellectual curiosity. To put it in 
perspective, they are the natural outgrowth 
of progress in computer science. Program- 
mers’ frustrations with machine code led 
to the first assemblers. Frustration with the 
limitations of assembly language, the need 
for defined control and data structures (eg: 
IF - THEN - ELSE, DO, COMPLEX declara- 
tions, ARRAY declarations), led to the 
development of FORTRAN. Then the ex- 
perience gained with FORTRAN's limited 
control structures, and the knowledge of the 
most common programming errors made 
while using FORTRAN led to the develop- 
ment of structured programming languages. 
FORTRAN is painful in part because of 
numeric labels that lead to confusion and 
misguided GO TO's. The lack of block struc- 
ture leads to fragmented code with GO TOs 
weaving thru the text. When writing pro- 
grams of great length, block structure helps 
to divide and conquer as a strong ally of 
subroutines. By coding and testing the low 
level blocks and routines first, one may be 
sure of their operation when testing the 
higher levels. Thus the location of bugs is cir- 
cumscribed to as small a portion of code as 
possible. While it is perfectly possible to 
write well structured code in FORTRAN, it 
is a big pain to do so. Also there are several 
types of data structures that cannot be im- 
plemented in FORTRAN that turn out to be 
quite useful (for example, dynamic array 
bounds at run time). 

By starting with a structured language 
microcomputer software could leapfrog 
ahead and save all that effort. If only 
hobbyists will learn from the past. ! learned 
to program in FORTRAN on an IBM 
370/158, and the number of sleepless nights 
| spent resubmitting my prog after getting 
rid of yet another bug. . . well, it's just 
painful to think about. Since then I've been 
running on a DECsystem 10. Their 
FORTRAN is much better, but | still found 


myself tracking down GO TO wrong num- 
bers and correcting random syntax errors. А 
friend suggested structured languages and 
the difference is dramatic, from days of de- 
bugging FORTRAN, to hours of debugging 
ALGOL-60. The coding time is also reduced 
as the language is more “natural” to program 
in. PASCAL is a derivative of ALGOL-68 
and although I’ve not used it the reports 
from those who have are very favorable. 

Lest you have any fear, it is not a black 
art. [t is in fact much less so than assembly 
language or FORTRAN. It is part of the 
continuing process of learning to control 
the computer in the most convenient 
manner possible. That’s what higher level 
languages are for. That’s the way of the 
future. As programmers’ time becomes 
more valuable it becomes economic to 
shape the software and hardware to the 
needs of the programmer. This is already 
true of the hobby computer; each user 
adds the memory and the peripherals of his 
or her choice. It would be advantageous for 
the software to be equally facile. 

| didn’t mean this to be a tutorial, but | 
feel we stand at a crossroads. The hobbyists 
can jump for the manufacturers’ first and 
easiest product and be stuck on the same 
compatibility treadmill as the mainframes, 
or you may start with a better product and 
go from there. There are some historic paral- 
lels: The Europeans didn’t adopt a television 
standard until many years after the US. 
Asa result they now have a much better pro- 
duct. | would strongly recommend that 
hobbyists demand, thru their purchasing 
power, that structured languages be imple- 
mented as cross or resident compilers for 
their systems. The time, effort and frustra- 
tion saved while developing software will be 
worth jt.» 


Languages Forum is a 
feature which is intended as an 
interactive dialog about the 
design and implementation of 
languages for personal com- 
puting. Statements and 
opinions submitted to this 
forum can be on any subject 
relevant to its purpose of 
fostering discussion and 
communication among BYTE 
readers on the subject of 
languages. We ask thet all 
correspondents supply their 
full names and addresses to 
be printed with their com- 
mentaries. We also ash that 
correspondents supply their 
telephone numbers, which will 
be printed unfess we ere ex- 
plicitly asked to omit them, 
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INTERNATIONAL DATA SYSTEMS, INC. 


400 North Washington Streel, Suile 200, Falls Church, Virginia 22046 U.S А 
Telephone (703) 536-7373 


88-MODEM. A complele senal 170 port and an Onginate/ Answer MODEM on an 
5100 bus compatible board The 88-MODEM features aulomatic auto-chaler (nal 
sollware limed). operales al any software selected baud rale between 66 and 600 
baud, has separate 8-pole transmit and receive aclive Wers. and all lunclions are 
soflware selected The 88-MODEM provides communication to -58 dom and is intended 
for use wih either а CBS (1001D) or CBT Data Access Arrangement for connection 
to the lelephone syslem The kil price is 3245.00 


88-UFC UNIVERSAL FREQUENCY COUNTER: The 88-UFC is an S100 compalible 
frequency and period measurement module The 88-UFC has lour software selecled 
inputs Frequency measurement Io above 6D0MHz and period measurement Io 1/10th 
microsecond are slandard. The counter provides nine digits of readout and is priced 
al $179.00 п ki torm 
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f 
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59.6% 
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88-5РМ CLOCK MODULE The 88-SPM provides a lime of day clock and an mde- 
pendent reallune clock on one S100 compatible module Provisions are included for 
batlgry backup so the 88-SPM can таташ the time during power-otl. conditions. 
$96.00 kt 


10010 (Туре СВТ} Data Access Arrangement $125.00 
88-RCB 16 Channel Relay Control Board Kit $179.00 
MCTK Morse Code Trainer/Keyer Kit 2900 
TSM Temperalure Sensing Module Kit 24.00 
DAC-B8 B-B Digital to Analog Converter Kl 19 00 
88.TCXO Temperalure Compensated Crystal 

Oscillalor lor BB-LFC 145.00 
88-XTAL Crystal Timebase option lor 88-SPM 25.00 


TERMS Payment with order shipped prepaid, added lor COD, Master Charge accepted 
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This design is a plausi- 
bility argument. . .it is 
complete (though skele- 
tal) and provides a basis 


for discussion. 


Y ou can speculate all 


you wish and design as 
carefully as you wish, but 
it remains speculative un- 
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are pretty well settled, though, and so this 
series closes with a comparison of the two 
designs, to the extent that they can be com- 
pared. That comparison should illustrate 
the wide range of solutions that the prob- 
lems admit and thus the importance of 
identifying the problems in a design effort 
like this. 


Why You Want to Read This Article 


Since another network design will follow 
this one very soon, you could rightly wonder 
why this one should be published at all. 
There are several reasons. At the very least, 
this design is a plausibility argument in- 
tended to counter the skepticism with which 
some people view the prospect of a network 
for personal users of information processing. 
It is also a learning experience: it is a com- 
plete (though skeletal) design that can be 
compared with the PCNET (and other per- 
sonal computer net designs when they are 
published) in order to learn about the design 
issucs involved and the stances one can take 
on them. It can also be implemented; that 
would get people into communication quite 
soon, learning from the experience as well as 
filling the immediate communication needs. 

In an age of throwaway material goods, 
a throwaway design or a throwaway imple- 
mentation should not seem altogether 
inappropriate. In fact, they are especially 
appropriate where the problem at hand is 
a novel one or has novel constraints, as is 
the case here. You can speculate all you wish 
and design as carefully as you wish, but 11 
remains speculative until you try it out 
The motivation for building a throwaway 
net is not entirely intellectual: even if you 
consume it in the very act of building it, 
you will leave behind a very valuable thing: 
a useful communication facility. It is more 
likely, though, that the first few personal 
computer nets will persist for a while and 
that they will serve às media for sharing the 
experience and insights needed for building 
their successors. This very persistence will 
also force people to face an important 
problem often ignored in fledgling nets, 
that of interfacing to other nets. 


What Is a Net? 


Let us pause, before plunging into de- 
tailed considerations, to gain a broad per- 
spective on the task at hand, A computer 
network typically consists of some hard- 
ware and some software. The hardware 
includes all the physical facilities used by 
the net: phone lines, radio links, computers, 
elc. Since hardware costs money and must 
be maintained, the design should minimize 
the required hardware and distribute it so 


that its cost can be recovered gracefully. The 
software includes the necessary agreements 
governing the usc of the hardware, together 
with the procedures and computer programs 
implementing the agreements. The agree- 
ments include the rendezvous conventions 
by which conversations are established, the 
language in which conversations Lake place, 
and the rules of behavior under which con- 
versations are conducted. Under the linguis- 
tic heading, | mean to include everything 
from message formats to the representations 
of characters and bits, etc. 

Network specialists have come to use the 
term "protocol" to refer to these agree- 
ments, ranging from all of them down to 
just the rules of conduct; in this series of 
articles, 1 will take "protocol" to mean thc 
extreme of all agreements. Protocols are 
most easily formulated in layers, with each 
layer using the one just below it and other- 
wise almost completely independent of the 
others. (In this regard, Ше PCNET and mine 
resemble one another quite strongly. Far 
example, each has a prolocol to transmit 
bits from one network node to the next and 
to detect erroneous transmissions; each then 
uses thai layer to provide an errorless, 
correctly sequenced stream of bits (thence 
characters) to the higher layers.) 

This design exercise concentrates almost 
exclusively on protocols. Since hardware 15 
relatively expensive, the design requires 
only a modest amount of hardware, and 
that of quite readily available kinds. The 
PCNET, however, laoks as if it will trade a 
modest amount of inconvenience lo reduce 
the hardware requirement even further, but 
it may also optionally reduce the incon- 
venience with some highly specialized hard- 
ware if some thorny problems can be solved. 
Actually, though, the distinction between 
my design and the PCNET alternative with 
minimum hardware is mere one of emphasis 
than one of substance; either design can be 
easily adapted to the hardware require- 
ments of the other. 


The Experience of the ARPA Net 


The ARPA Net embodies ап enormous 
body of experience that can be brought Lo 
bear on the design of à personal computer 
network. However, the ARPA Net ex- 
perience should be used with caution: both 
designs have a lot in common but have 
several important differences. The most 
important difference is that, while the 
ARPA Net is heavily subsidized (The ARPA 
Net is a research tool developed for the US 
Department of Defense under the auspices 
of the Advanced Research Projects Agency. 
|t ties together a multitude of large proces- 
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4800 BAUD CASSETTE RECORDER 


An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error 
rate 108 at 4800 BAUD. Can be used from 110 to 4800 BAUD into a UART or “Bit 
Banger PIA" -no clocking required. This is not an audio recorder. It takes R5232 or 
TTL signals from the terminal or computer and gives back the same signals. No audio 
interface is used. Motor start/stop is manual or through TTL or RS232 signals. 

Tape speed is 2.2" /second nominal; 1.6"/sec. optional. 110 volt, 60 Hz, 5 watts. 
(220 Volts on special order). Can use high quality audio cassettes (Philips Type) or 
certified data cassettes. Can be used in remote locations from a 12 Volt battery. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PRO- 
GRAM RELOADING and DATA STORAGE. Especialy recommended for 6800 
systems, 6502 systems, 1800 systems and beginners with the 8080 systems. Manual 
control except for motor start/stop. 6800 or 8080 software for file or record searching 
available on request with order. Used by major computer manufacturers, Bell Tele- 
phone and U.S. Government for program reloading and field servicing. 


MODEL CC-8 $175.00 AVAILABILITY – Off the shelf. 


PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS 6800 CONTROLLER for SWTP 
MIKBUG with 1 K of ADDITIONAL ROM PROGRAM. 


tor functions. The ROM program is identical to our extensive 8080 ROM program. 


This is a complete tape controller for the SWTP 6800 system. Has 3 K of EPROM "| ae Mia Аш 
space for your own programs. A 1 K ROM (2708) is provided with all tape and moni- Ic i i 3 | Ж кї. ҮЙ» 
: | 


Has опе АСТА for one or two tape drives, one USART for an additional Serial port | | | 
and a 4 bit parallel port for motor control. Will control one or two CC-8 ог 3M3A Fy 5 


drives with the software provided. Сап be used with other tape drives controllable with iH INS КЫТЫ S — 
4 TTL bits if appropriate software changes are made. АНІ. ғ ЕЙ 
| "m «il y 


Extra serial port is provided for your use with a second terminal or printer. (RS232, 
TTL or 20 ma) s 

The ROM program supplements the MIKBUG program and is entered automatically maen 
on reset. 


y 
„ыс: 


AVAILABILITY - Off the Shelf. $190.00, Tested & Assmb. ($160.00, Kit) 


PROVIDES MONITOR AND TAPE SOFTWARE in ROM TERMINAL and 
TAPE PORTS on SAME BOARD CONTROLS ONE or TWO TAPE UNITS 
(CC-8 or 3M3A) 


This is a complete 8080, 8085, or Z80 system controller. It provides the terminal 
ГО (R5232, 20 mA, or TTL) and the data cartridge I/O, plus the motor controlling 
p^ parallel I/O latches. Two kilobytes of on board ROM provide turn on and go control 
of your Altair or Imsai. NO MORE BOOTSTRAPPING. Loads and Dumps memory 
| in hex on the terminal, formats tape cartridge files, has word processing and paper 
| tape routines. Best of all, it has the search routines to locate files and records by 

means of six, five, and four letter strings. Just type in the file name and the recorder 
and software do the rest. Can be used in the BiSync (IBM), BiPhase (Phase encoded) 
or NRZ modes with suitable recorders and interfaces. 

This is Revision 7 of this controller. This version features 2708 type EPROM's so 
that you can write your own software or relocate it as desired. One 2708 prepro- 
grammed is supplied with the board. А socket is available for the second ROM 
allowing up to a full 2К of monitor programs. 

Fits all 5100 bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock 


ES 


j c 2A 


Tff 


from bus. Cannot be used with audio cassettes without an interface. Cassette or 
250 (R) CONTRO LLER cartridge inputs are R5232 level. 
$190.00 ($160.00 Kit) AVAILABILITY — Off the shelf. 


Z 80 BOARD for SWTP COMPUTER: Now you can use the 8080/Z80 software programs in your SWTP 6800 
machine. Replaces your MPU board with a Z80 and ROM so that you are up and running with your present 
SWTP memory and MPC card. $200 assembled and tested. ($160 kit) 

AVAILABLE—November ‘77. 


OVERSEAS: Export Version 220 volt 50 hz. Write factory or: Megatron-Datameg, 8011 Putzbrunn, Munchen, Germany; Nippon Automation 
5-16-7 Shiba, Minato-Ku, Tokyo, Japan; Hobbydata, FACK 20012, Malmo, Sweden; G. Ashbee, 172 Ifield Road, London SW 10-9ag: Trin- 
tronics, Ltd., 186 Queen Street W., Toronto, Ontario, Canada; EBASA, Enrique Barges 17, Barcelona 14, Spain; ARIES, 7, rue Saint Phillipe du 
Route, 75008 Paris; Microlem 20131, Milano, Italy; Eagle Electric, Capetown, S. Africa. 


For Џ.Р.5, delivery, add $3.00 Overseas and air shipments charges collect. N.J. Residents add 5% Sales Tax. WRITE or CALL for further 
information. Phone Orders on Master Charge and BankAmericard accepted. 


National Multiplex Corporation 


3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 
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Warehouse # 
1 Overstock 


Е Buy These Items | 


I From Computer . 
l Before 4/15/78 


a | 
g And Save Save i 
I Save! Card Discount M 
| Ргісе Ргісе 
B Lear Siegler $728. $700 J 
B ADM-3A Kit - 
| Polymorphic 177. 170. T 
i ҮТІ/ 64 Kit 
П Vector Graphic 8K 187. 180 | 

SRAM 

B wetronics ЕПП 188. 128. | 
Ш Assembled H 
lj George Risk ASC II Ba. 50. [] 


keyboard kit | 


П 
- More Popular Producisi 


At Our 


| Extremely Low Prices. 8 
| Credit Cash 


a Card Discount Bi 
|| _ Price Price ü 
North Star Micro $ 623. $ 599. 

" Disk System Kit П 

Стотетсо 22 Kit 557. 556. B 
ll cromemco 156. 151. B 
a  Bytesaver 64 446 | 
Cromemco 16K 464, 46, 
- RAM 250ns - 
IMSAI PCS-BO/30 1122. 1079. 
# Kit | 
M imsal PCS-80/15 748. 719. B 
B kit | 
Е IMSAI BOBO Kit 614. 590. ü 
B w / 22 slots 0 
H IMSAI 16K RAM 411. $595. (| 
IMSAIS2K RAM 685, 659. 


| Shipping charges: $10 per CPU on larger unita; $1.50 per kk. $2.00 min || 
per order. 
Е Delivery ів Stock to 30 days on most items. Snipmaenr la immediate for Е 
payment by cashier's check, money order or charge card Allow 3 weeks 
| lor personal checks to cler. М Y State residents add approp Balag 
Lax. Availability, prices and яреся may change without noticea 
L| Operating Hours: 
M-W 10-8 E.S.T. Ч 
Teri09ESsT Write or Call 
Closed Sat. & Sun. 


TM 


Р.О. Box 71 
Fayetteville, N.Y. 13066 


E Phone (318) 637-6208 Today! [Ш 
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sors nationwide at universities and around 
the world using satellite links.}, a network 
for individuals should (and can | believe) 
support itself right from the start. Thal 
consideration has a most important ramifi- 
cation in my design: the inclusion of "Com- 
munity Information Exchanges’’ (CIEs) that 
serve as focal points and buffers between 
the other nodes of the network. Further, the 
ARPA Net design includes the notion (in- 
applicable to a personal computing network) 
that most network nodes will be connected 
to Lhe net most of the time. Thus, its proto- 
cals provide a general interprocess communi- 
cation facility and include useful services 
as special cases of it. A personally oriented 
network by contrast should be optimized 
toward the two facilities that are most im- 
mediately applicable to the personal com- 
puter community (and that have, inciden- 
tally, proved most useful in the ARPA Net): 
sending mail and sending files of programs. 
Finally, | think a personal computer net- 
work should be oriented to an overall archi- 
Lecture in which internode connections are 
sporadic, fleeting and relatively infrequent, 


An Overview of The CIE Net: The Basic Idea 


A Community Information Exchange 
{CIE} Net should be designed from the start 
to gracefully accommodate any foreseeable 
circumstances ta which it might eventually 
need to adapt. Thus, the suggestions pre- 
sented here allow for a large number of 
nodes to eventually become attached to the 
network. The protocols have room to ex- 
pand into, and they identify themselves so 
that several incompatible sets of protocals 
can be accommodated at a given time. 
Addressing is defined for the United States, 
but the addresses can be expanded to cover 
olher countries as well. А separate mech- 
anism is included to lel this net gracefully 
interface to other networks serving the same 
territory. 

The suggestions included here amount lo 
a partial design. They are quite definite 
so as to form a firm basis for discussion, 
Some suggestions were arbitrarily chosen 
just to make the design more definite, while 
other suggestions embody principles that are 
important to the overall concept. 

The overall design is formulated in such 
a way as to enable it to be implemented 
cheaply and at maximum convenience to 
the implementers, 115 backbone is a network 
of Community Information Exchanges (CIEs) 
thal serve as buffers for network traffic. 
The overall network is designed to work 
even when the exchanges are connected 
only fleetingly and at only loosely scheduled 
intervals. One party to each connection must 


be capable of timing out the other party 
and taking corrective action when necessary; 
otherwise the protocols are designed so that 
they can be implemented in string BASIC 
on computers that do not allow access to 
lower levels of programming, such as direct 
binary manipulations or input and output. 
The required hardware support is minimized 
to equipment that is readily available to 
homebrewers. 


The Four Kinds of Stations 


A CIE Net would be composed of four 
kinds of nodes, with communication lines 
between them. By default, they will com- 
municate by telephone lines in a universal 
language discussed іп another section, but 
any two nodes are free to use any other 
mutually agreeable medium when they talk 
to one another. The four kinds of nodes are 
the Community Information Exchange (CIE) 
that buffers network traffic; the subscriber, 
a person wishing to take part in a CIE Net; 
the relay station that moves messages from 
one CIE to another; and the gateway con- 
necting a CIE Net to other networks. In 
the rest of this series, | will use the term 
"station" for these four kinds of nodes in 
order to avoid confusion with anything that 
is of no interest here but might be called a 
node in more general network terminology. 
The various stations can be thought to in- 
habit different computers, and the design 
uses that model. However, any particular 
computer can be host to several stations of 
possibly different types, and the design 
specifically allows them to optimize their 
own intercommunication using any facili- 
ties provided by their host. 

A CIE serves as a communication buffer 
among subscribers and relay stations. That 
is, it must have file storage that a program 
can access fairly expeditiously, and it should 
have some complement of answer-mode 
modems which subscribers and relay stations 
can call at their convenience during the 
night when phone rates are lowest. While 
different realizations of file storage have 
different requirements and capabilities in 
their technological, financial and opera- 
tional aspects, there are a few functions that 
a CIE will require of its file storage facili- 
ties. [t must be able to read or allocate and 
write multiple thousands of characters 
worth of buffers which it may need to hold 
for several hours or several days. It should 
be able to gain access to almost any part 
of this storage within a few seconds, and it 
should be able to read or write succeeding 
character positions at very nearly the trans- 
mission rate of the lines on which it will 
receive calls from subscribers or relay 
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ORANGE COUNTY'S 


Most Convenient 
& MostAffordable 


Computer Store 


WE OFFER A COMPLETE LINE OF MICROCOMPUTERS, 
PERIPHERALS AND ACCESSORIES 
IMSAI SEALS PRINTERS 
CROMEMCO HAZELTINE BOOKS 
BYTE 8 SOROC MAGAZINES 


VISIT OUR STORE AND SEE THE 
LATEST IN AFFORDABLE COMPUTERS 


€ 
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MON THUR и 7 
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AFFORE, 


674 EL CAMINO REAL 
EL CAMINO PLAZA 
TUSTIN, CA 92680 


PHONE (774/731-1686 


Software 


CRAPS (Las Vegas styie) $6.00 
MULTIPLE LUNAR LANDER $8.00 
SLOT MACHINE $6.00 


GAME PACKAGE: Russian Roulette, Mad 
Scientist, and ABM $8.00 


Graphics « PICTURE MAKER with AMP'L ANNY $42.00 


GRAPHICS PACKAGE 1: Laser Beam, Space 
Shuttle. and Blast Off $40.00 

GRAPHICS PACKAGE Il: Rain in Greece, Flea, 
Textwriter, Random Walk $40.00 


Scientific « FOURIER FIT: Does curve fitting $45.00 
Systems • RANDOM NUMBER GENERATOR TEST $5.00 
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HEX MEMORY LOADER $10.00 
MEMORY DUMP PROGRAM $10.00 
MEMORY SEARCH $5.00 


All Programs Written in BASIC 
Complete Easy to Read Documentation 
Programs Completely Tested 


SOFTWARE RECORDS 


P.O. BOX 8401-B 
UNIVERSAL CITY, CA 91608 


(cal residents add 6% sales tax) 
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The CIE Net is designed 
with four classes of nodes 


in 


mind: the community 
information exchanges 
with mass storage re- 


sources, individual sub- 
scriber nodes, relay nodes, 


А 


and gateways to other 
networks. . . 


network is a systematic 


combination of hardware 
and software, . .hardware 
of computers, phone lines, 
etc, and software of proto- 
col agreements and com- 


puter programs imple- 


menting the agreements, . . 
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stations. The CIE can encrypt or compress 
data as it sees fit; the protocols are struc- 
tured in such a way that no intervening 
stallions need give any special treatment to 
an encrypted or compressed message trans- 
mitted from one CIE to another. Finally, 
its subscribers may wish it to provide them 
with long-term storage, but it should also be 
prepared to gracefully recover temporary 
storage that is no longer needed by the 
network. 

A subscriber is thought of as a station 
possessing an originate-mode modem, some 
local processing power and file storage and 
a terminal or other interface to a human 
being. (Of course, the subscriber may be 
realized as a set of programs cohabiting a 
host computer with a CIE and reachable 
by à person having only a terminal and an 
originate-mode modem; the implementation 
details are irrelevant, and the functional 
distinction is still useful.) The subscriber 
station need not be able to rapidly position 
its file storage because the person operating 
a subscriber can easily anticipate the require- 
ments ànd because subscribers are involved 
only at the end points of a message's transit 
through the net. The subscriber, not the 
CIE, has charge of all programs that handle 
files of messages, selective display and rapid 
retrieva] of messages and whatever negotia- 
tions with its human are necessary to gen- 
erate à message in the format described in 
these protocols. Although the subscriber is 
extremely important to the CIE Net, ihe 
protocols by which a CIE and its subscribers 
might communicate are idiosyncratic to the 
stations’ realizations, the subject of a large 
body of literature, and irrelevant to the 
process of transmitling messages between 
endpoint CIEs; therefore this article makes 
no attempt to enlarge the current stock of 
such suggestions. 

A relay station; like a subscriber, can be 
modeled as having an originate-mode modem, 
a terminal, some processing power and some 
file storage. A relay station, however, need 
have no file storage, but can instead have a 
second originate-mode modem and thus 
connect two CIEs quite directly with only 
fleeting изе of buffer storage. А relay 
station can be thought of as providing a 
communication link between two CIEs: 
it would first phone one and collect mes- 
sages headed in the general direction of the 
other; then it would phone the second and 
both unload those messages and collect 
messages headed in the general direction of 
the first, which it would then call back. 

Finally, a gateway is conceptually an 
answer-mode modem and a connection to 
some other network, along with whatever 


processing power or file storage is required 
to connect the CIE Net to the other nct 
Depending on the desires and resources of 
the people connecting the gateway to the 
CIE Net, it could be capable of transmitting 
traffic in either direction or both directions 
between the two nets, or it could be con- 
nected to any arbitrary number of networks. 
These protocols provide a frame to hold 
messages headed through a CIE Net to an 
outward facing gateway; the content of a 
message inside the frame is completely 
unspecified and can reflect any idio- 
syncrasies of the gateway and the other net. 
An inward facing gateway is treated exactly 
like a CIE by its neighboring relay stations, 
but it does not serve subscribers the way a 
real CIE does. These protocols completely 
ignore the content of a message headed into 
à gateway and require messages coming out 
of a gateway 10 conform to the same rules 
as any other CIE Net messages. The motiva- 
tion is that the network on the other side of 
a gateway might cover territory that doesn't 
overlap that served by the CIE Net, or it 
might thinly cover the same territory, say 
by providing high speed links between major 
cities. This opacity also frees the CIE Net 
from any necessity to commit itself to any 
of the possible internetwork message for- 
mats currently under discussion in the 
International Network Working Group. 
These protocols make no attempt to handle 
the problem of choosing a gateway through 
which to route messages that should be 
routed through some gateway; instead, they 
presume that the source CIE can choose the 
proper gateway or can send the message to 
some other CIE thal agrees to make such a 
decision and then forward the message 
appropriately. 

These comments describe functional 
nuclei of the conceptual CIE network; they 
make only mild commitments to the impie- 
mentation details by which the four Kinds 
of stations are realized. For example, it is 
easy to imagine a gateway cohabiting a host 
computer with a CIE or a relay station. 
Also, a computer on the ARPA Net typi- 
cally contains a CIE, a relay station and a 
large number of subscriber stations sharing 
programs among themselves and each sharing 
file storage with the CIE and relay station. 
These cohabitation possibilities serve to 
emphasize the freedom with which stations 
can agree to speak any language other than 
the universal language specified here. Finally, 
don't forget that the commitments in this 
proposed design are structured in this 
way to specifically allow a CIE to be put 
onto any dial-in time sharing computer 
without its operators needing Lo cooperale 
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MSI Reverse Assembler 


Our Reverse Assembler for the FD-8 allows 
disassembly of object code programs, complete 
with creation of symbol tables, labels, and equate 
statements. The source code is placed on disk 
where it can be edited and reassembled. 
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The US Postal Service 
provided an invaluable 


service in the form of the 
ZIP code of mailing ad- 
dresses, which is highly 


c 


orrelated with the geo- 
graphic location of the 


individual mailing address. 
By incorporating the ZIP 


code into each individ- 
ual's CIE Net address, 


message routing informa- 
tion is inherently made a 
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part of the address. . . 
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Simulation Games and Networks 


In the realm of possibility, but hardly a 
real world phenomenon until a networh such 
as PCNET or CIE Net is implemented, is the 
idea of multiple player simulation games. A 
simulation game is a game of considerable 
flexibility and considerable complexity 
which forms a model of some aspect of the 
red! world and explores the parameters 
of the model Crude examples of such 
games are the familiar Star Trek, Kingdom, 
Wumpus, etc: games of personal computing 
as it stands today. The extension of game 
ideas which can happen over a network is 
the multiple user game, for example, a trad- 
ing game involving 100 or so active players, 
а battle simulation game involving several 
hundred active members of various teams, 
or wild fantasy games in mythical worlds 
with mythical creatures and dangers. The 
network concept provides a vehicle for 
interpersonal! computer aided intellectual 
sports whose players could grow into a 
vigorous subset of the users of this com- 
munication channel, 


with (or even suspect) the effort; presum- 
ably, a CIE handling any moderate volume 
of traffic could be connected to a relay 
station operated by the staff of its host 
computer to their mutual benefit. 


Addresses 


The addressing scheme proposed here has 
several interesting properties. 14 refers to a 
geographic location in a transparent enough 
fashion that messages can be routed to any 
place in the US by stations having a mini- 
mum amount of specific routing information. 
Conversely, when a new station must choose 
an address, the range of choice is limited 
in such a way that only local negotiations 
are necessary. On the other hand, the limits 
are so generous that those local negotiations 
should quickly terminate in universal satis- 
faction. This scheme also ensures that, in 
a direct interstation conversation, each 
Station can easily mark transmissions to dis- 
tinguish echoes of its own transmissions 
from those sent by the other station. 

The basis of this addressing scheme is 
the US Postal Service ZIP code. As a perusal 
of the first few pages of the ZIP code 
directory will show, the first digit designates 
one of ten major areas of the country, the 
next two digits designate a sectional center 
within the national area, and the last two 
digits specify a nearby post office {or 
branch). Thus, any network making a rout- 


ing decision for a message can compare the 
intended destination address with its own 
address. If they differ in the first digit, 
the routing station can consult a table of 
nine entries to decide the appropriate 
general direction. If they agree in the first 
digit position but differ in the next two, 
then the right direction can be found in a 
second table of 99 entries. Otherwise, a 
third table of no more than 99 entries will 
show the proper direction in which to for- 
ward the message. Thus, routing to the 
proper ZIP code area can be accomplished 
by using tables with no more than 207 
entries in a given computer; actual programs 
will probably use far fewer table entries and 
capitalize on the high degree of regularity 
with which ZIP codes have been assigned. 

The power of the addressing scheme 
proposed here is extended in two directions 
from the ZIP code basis just outlined. In 
the upward direction, this scheme antici- 
pates a possible future requirement for 
network addresses outside the US by speci- 
fying the optional prefix USA for addresses 
that the ZIP code can reach. Thus addresses 
become partially self-identifying: an address 
that doesn't start with a digit or the letters 
USA cannot possibly be mistaken for an 
address specified by these protocols. In the 
downward direction, the precision of the 
ZIP code is refined by the addition of a 
suffix both for the sake of the interstation 
protocoi and in anticipation that several 
alternative (or competing CIEs) might be 
set up in a given ZIP code area, perhaps 
even on the same host computer. The 
suffixes are three digit numbers; blocks of 
suffix values are preassigned, and assignment 
of a specific suffix within a block is a matter 
of local negotiation. The preassigned blocks 
are: 


0-9: (reserved for testing interstation 
protocol) 


10-99: forwarding centers (see below) 
100-899: CIEs and gateways 
900-999: relay stations. 


Since any one ZIP code seems to serve a 
maximum of about 20,000 people, the block 
preassigned to CIEs is big enough to allow 
a CIE for each 25 people; that ought to be 
generous enough for almost any eventuality. 

The block assigned to relay stations has 
a deceptive appearance that merits further 
elaboration. The interstation transmission 
blocks need to be marked with the identity 
of their sender. Since a transmission block 
is quite short and since any interstation 
transmission has only two parties, the send- 
er's identity can be reduced to a single bit 
derived from a comparison of the two net- 
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work addresses. That comparison is possible 
if a CIE also serves as the relay station, but 

the relay station needs its own address if DUILD YOUR OWN 

it is not also a CIE. If the relay stations in VIDEO TERMINAL FOR 


an area come from a large, highly variable, M ree 
loosely organized pool of volunteers, it may $85 PLUS 

not be practical to permanently assign net- TUTTI ETETTTTECHEITUTTTYR 
work addresses to them. The problem can —_ — S 


be neatly solved, however, by allowing relay 
stations to arbitrarily pick network addresses 
as the need arises. Since the block from 
which they pick an address cannot include a 
CIE address, then there is no danger of the 
addresses coinciding, and so a short address 
can always be found. 

This scheme has the disadvantages, be- 
cause it is entirely numeric, of being prone 


to human error and of being somewhat € Serial ASCII or BAUDOT € 16 lines X 64 characters 
opaque to people. The situation can be € Full X-Y Cursor control © S100 Compatability 
partially alleviated by the addition of 
symbolic addresses (eg: San Francisco) and e 128 Pic diui including е No Supporting Software 
ж A " er and lower case requir 

forwarding centers. The general idca is that TS i 

j ill i * The SCT-100 Single Card Terminal interfaces directly to any 
people might be willing 1e Serup forwarding computer or modem having serial ASCII or BAUDOT capability. 
centers (probably in conjunction with CIEs) It requires only the addition of a standard ASCII keyboard, and в 

illi i i TV monitor. It is available as a partial kit for $95.00 including 

that would be willing 19 ере symbolic the PC board, character generator ROM, and the 3870 miero- 
addresses, reformat the messages with proper computer. The complete SCT-100 kit is $155.00 ($185.00 
netwo r in th prewired & tested). 
id rk add e3363, and forward them in the To order, call or write today. MC, BAC Accepted. 
proper direction. The details are less than 


clear to me at the moment. Forwarding cen- XITEX CORP. P.O. Box #20887, Dallas, Texas, 75220 
ters could also solve the problem of mobile Phone (214) 620-2993 
subscribers: a subscriber, before leaving a 
CIE, could tell a nearby forwarding center 
where messages should be redirected. When 
messages are subsequently routed through 
the forwarding center, it can send them on 
(or discard them) appropriately. When a 
forwarding center is not acting as a blind 
mail drop, it should also tell the sender of 
the message where future messages should 
be sent. 

An additional disadvantage of this scheme 


is that, since the address space can poten- - Ads 

tially name 80 million CIEs, there is no 

practical way to broadcast a message to all a 

CIEs. Should that prove desirable, a few 

suffixes (eg: 890-899) could be given special The KIM to S-100 bus 
meanings, such as, "Deliver copies of this Interface/Motherboard 
message to yourself and to all CIEs with * Combines the power of the 6502 with the flexibility of 
higher addresscs."'s the S-100 bus 


* Attaches to any unmodified KIM 

* Complete interface logic and fully buffered motherboard 
in one unit 

* On-board regulation of power for KIM 

е Eight slots of S- 100 compatibility for additional RAM, 
Video and I/O boards, PROM Programmers, Speech 
processors. . 

e Includes all parts. sockets for ICs, one 100 pin connector, 
and full Assembly/Operating documentation 


• Kit $125, Assembled $165 
* All units shipped from stock 


FORETHOUGHT PRODUCTS 
P.O. Box 386-F 
eo Coburg, OR 97401 


This completes an introduction to the 
concept of the Community Information 
Exchange Network (CIE Net). In the 
second part of this three part series, the 
discussion next month turns to the de- 


scription of the CIE Net protocol details. 
In the final installment of this series, 
several issues of a technical and legal 
point of view will be considered in more 
detail, as well as comparison of CIE Net 
with the PCNET design in more detail. 
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Continued from page 90 


Figure 3: A functionally 
equivalent logic circuit for 
one row of а cerebellar 
cortex fiber system. The 
tapped delay line is the 
logica! equivalent of the 
parallel fiber axon's prop- 
agation characteristics. 
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capable of receiving and executing com- 
mands to perform such high level reflex 
actions as running, carrying, etc, without 
further attention. Beyond this point, we find 
several more specialized systems which may 
issue commands to this "motor automaton,” 
or reach around it and access the LMN sys- 
tems directly, or enter the automaton at 
any level. To understand the division of 
labor among these systems, we need to focus 
on the way in which the execution of the 
output is related to the data which directs 
it. There are basically two systems which 
can be used, and both have been used in 
robot systems. The first is the "dead reckon- 
ing" approach, in which the details of the 
required action are computed in advance, 
and then executed without regard to their 
results. (An interesting example of this in 
a robot system is described in Ralph Hollis' 
article on NEWT in the lune 1977 BYTE, 
page 30). The other approach of course is 
to continually monitor the results of the 
movement and apply corrections as required. 
Both of these systems have their uses, ad- 
vantages, and weaknesses, and the brain 
employs both systems, usually cooperatively 
in the same actions, although "pure" ex- 
amples of each can be found. 

One of these systems is associated with 
the part of the brain called the cerebellum. 
The cerebellum is not an instigator of action, 
nor is any conscious experience associated 
with its activities. It plays an important 
role however in the expression of actions, 
of both reflexive and voluntary types, 
which are generated elsewhere. Among the 
functions which the cerebellum performs are 


INTERACTION BETWEEN 
MOTIONS OR SYSTEMS 


MOTION SELECT 
INPUT 


FEEOFORWARD 
CORRECTIONS 


TAPPED DELAY LINE 


the translation of parallel to serial output, 
and the control of feedforward correction in 
open loop control circuits. 

Before describing these functions further, 
it will help to examine the circuitry of the 
cerebellum. This structure, which lies above 
the pons, consists of two parts, an overlying 
cortex and a set of nuclei. The neurons of 
the cerebellar cortex are arranged in a dis- 
tinctive pattern which is endlessly repeated 
over the surface of the structure. А few 
elements from this pattern are shown in 
figure 2. Simplified to the bare essentials, 
this consists of an input element (G) which 
has an axon that runs for some distance, 
spatially parallel to the axons of all of the 
other input elements, and which in the 
course of its passage activates a row of out- 
put elements (P). Firing an input element 
thus selects a particular set of outputs. Since 
pulses may travel rather slowly in small 
diameter axons such as those of the input 
elements, the time of arrival of the select 
pulse at successive output elements may be 
long compared to the duration (or transmis- 
sion time) of their outputs. Thus the cere- 
bellar cortex may act as a tapped delay line, 
as well as a decoder. If the final output ele- 
ments are switched to other input elements, 
elemental sequences may be serially cas- 
caded to form larger patterns. There are a 
number of auxiliary elements associated 
with the G and P types, and these are 
lumped as O elements in our diagram. They 
are capable of performing such functions as 
selectively inhibiting individual output ele- 
ments, and controlling interactions between 
adjacent parallel row systems. Thus, these 
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Software 
Professionals 
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Some of the areas include: Compi- 
ler Design (string handling, character 
manipulation, syntax processing) 
Dara Base Design — DOS lindex se- 
quential file structure, etc) and Feal 
Time Operating Systems [async Er 
bysync. interrupt processor, resource 
allocauon). 

We would like to tell vou more 
about these and other New England 
onpartunilies. All inquiries will be held 
m siticl confidence. 

Call us collect 603-888-5500 or send 
resume 

Touchstone Associates 
Personnel Consultants 
104 ОЛА, Highway 
Nashua, N.H. 03060 


Circle 120 on inquiry card, 


HP 9825A COMPUTER 
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OTHER 
SYSTEMS 
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CORRECTION 
COMPUTATION 


Ist STAGE OF 
SYSTEM 
OUTPUT 
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SYSTEM 
OUTPUT 


Figure 4: Feedforward as a 
means of correction in sys- 


tems where feedback js 
too slow, This technique 
involves 
correction based on other 
systems’ input data. 
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elements may impose modifications on 
output sequences, or call on adjacent sys- 
tems (which control similar muscle func- 
tions) for assistance. Some of these func- 
tions have actually been simulated on large 
digital machines in experimental motion 
control systems. А schematic of a circuit 
modeling the essential features is shown in 
figure 3. 

The outputs of the cerebellar cortex fall 
on the neurons of the cerebellar nuclei, 
which relay them widely throughout the 
brain. Inputs to the cerebellum likewise 
originate in many portions of the system. 
There is evidence in fact that different 
motor system functions may time-share 
the device! À major function of the cere- 
bellum however is to allow for interaction 
between different command systems. 


an open loop 


Feedforward Controls: Coordination 


To illustrate this point, let us see how it 
is applied to feedforward modification of 
output. In any system which is not amenable 
to feedback control, such as one involving 
actions that are more rapid than the loop 
time that would be required to control 
them, or ones that would require very ex- 
tensive processing of feedback input, it is 
nonetheless possible to achieve considerable 
correction for moment to moment condi- 
tions by passing the basic output command 
to both the next level of the output system 
and to a controller which computes the 
necessary deviations from the basic com- 
mand and forwards these to the lower 
echelons of the output system. The concept 
is diagrammed in figure 4. Thus, a reflex 
motor loop which performs some function 
such as walking sequences may need to be 
modified from its basic pattern by infor- 
mation about head tilt from the vestibular 
system, while at the same time the reflex 
vestibular motor systems which keep the 
head level may require information about 
what the stepping generator is about to do, 
in order to allow for impending body tilt. 
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The whole sequence needs to take place 
before any muscle action occurs which could 
generate feedback information if we wish to 
move swiftly and still avoid a fall. 

The process is popularly called "coordina- 
tion," and the quality of yours is dependent 
on the excellence of your cerebellum. What 
happens in this process is as follows; se- 
quences of motor actions generated at any 
level of the hierarchical reflex “automaton” 
system, or at any high level system which 
inputs to it, are also sent to the cerebellum, 
either as inputs to the parallel fiber decoding 
systems or as inputs to the "other" elements 
which control interactions across parallel 
systems and gate individual output elements. 
Thus, the waves of parallel fiber activity 
generated by different command systems 
can interact in the cerebellum and modify 
one another in predetermined fashions. The 
resulting modified command is sent forward 
as a set of corrections to the basic command, 
and the two interact at lower echelons to 
produce a corrected action. (Yes, they can 
get there at the same time. We've got control 
of transmission speed, remember.) One clear 
advantage is the provision of a common site 
of interaction for systems which are func- 
tionally related, but do not possess physical 
elements in common. 

Now that we've got it taking care of 
interactions and corrections, how do we get 
"dead reckoning" of movement parameters? 
This process relies on a parallel to serial 
conversion which uses time as an analog of 
position. А basic function of the cerebellar 
nuclei is holding or maintaining positions by 
appropriate outputs to the biasing elements 
in systems such as the LMN system. The 
output elements of the cerebellar cortex 
however act to inhibit the cerebellar nuclei. 
Thus, damage to the cerebellar nuclei results 
in tremor, oscillation, and similar signs of 
excess activity. Damage to the cerebellar 
cortex on the other hand results in deficits 
related to underactivity, motions that fall 
short of the target or fail to initiate. In the 
case of a pure example of the "dead reckon- 
ing" type of motion (frequently referred to 
as saccadic motion), such as the motion of 
the eyes in fixing on a new point of focus, 
the motion itself is of constant velocity. 
(More accurately, it is driven by a constant 
input, it clearly can't accelerate and deceler- 
ate instantaneously.) Given this, it follows 
that the extent of the motion is determined 
solely by the duration of the driving signal. 
If the motion generating “automaton” 
circuits are held in check by the cerebellar 
nuclei, then action of the cerebellar cortex 
which inhibits the cerebellar nuclei dis- 
inhibits the motion generators and the move- 
ment begins. If the outputs of a group of 
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output elements from the cerebellar cortex 
which are fired in sequence by the same 
parallel input fiber fall on the same group of 
neurons in a cerebellar nucleus, they will 
keep that group inhibited, and the associated 
motion in progress, for as long as the 
sequential firing of output elements is main- 
tained in the cerebellar cortex. This will then 
determine the extent of the motion. The 
cerebellar nuclear celis are OR gating the 
output sequence of the cerebellar cortex. 

It follows then that if some high level 
command system computes the type, direc- 
tion and extent of a required motion, it can 
pass this information to the cerebellum in a 
parallel form as a select request for a 
particular set of input elements, and perhaps 
a set of gating and switching elements as 
well. This request will set in motion a time 
sequence of activity in the cerebellum, 
which will be appropriately modified by 
interaction with other current activity in the 
cerebellum, and output as a motion in space 
with a particular duration of action and 
spatial extent. Meanwhile, the requesting 
device is free to go about its business. 

There are many kinds of activity which 
rely heavily on this type of control, and 
many of them are learned activities. À good 
example is playing the piano. This is clearly 
a learned sequence of movements, but once 
learned, the action is too rapid for guidance 
by feedback from ear or eye. |t has been 
suggested that the learning of such motor 
sequences may proceed through the forma- 
tion of new functional connections in the 
cerebellum, so that the end elements of one 
sequence become select inputs for the next 
sequence. In any event, we certainly could 
do it this way. 

The action of the cerebellum involves a 
large analog component, and although this 
could be, indeed has been, modeled with a 
fast processor and an array of digital words 
to represent the states of output elements, 
this may not be the best approach. A device 
which offers great promise for a very close 
analog to cerebellar operation is the surface 
acoustic wave (SAW) device which trans- 
forms electrical signals into surface waves on 
a piezoelectric medium, manipulates them in 
unique ways related to their travel time, and 
regenerates electrical signals at the outputs. 
A similar result can be achieved with charge 
transfer devices. Tapped delay lines are 
easily made, and many such in parallel on a 
chip have been used for such tasks as 
electronic focusing of imaging systems. This 
technology would seem to offer a splendid 
opportunity for developing a “cerebellar 
chip.” An excellent review of these devices 
can be found in Brodersen and White’s ar- 
ticle in the March 18 1977 issue of Science. 


Higher Motor Systems 


Turning now to the motor structures of 
the higher brain regions, we find two which 
stand out as particularly important, the basal 
ganglia and the motor cortex. These struc- 
tures operate in an interactive fashion in a 
supersystem which also involves parts of the 
thalamus, and which has important inputs 
from systems whose principle functions are 
best regarded as cognitive and emotional 
rather than motor. At this level of motor 
organization, the distinction between con- 
cept, desire, and action begins to blur, and 
these “motor” systems may also be involved 
in at least certain motor oriented aspects of 
other functions. [t is somewhat misleading, 
but probably necessary, to discuss separate 
functions for the higher motor systems. The 
fact that they are parts of a functional 
supersystem should be borne in mind. 

The motor cortex, more accurately called 
the somato-motor portion of the cortex, was 
once thought to be the highest level of 
motor integration in the brain because of the 
late evolutionary development of the cortex. 
It now appears however that it is more 
properly viewed as a specialized parallel 
processor system which has been developed 
to refine and increase the resolution and 
processing speed of functions which are 
directed from older structures, A notable 
feature of the somato-motor cortex is a 
massive projection of large fast axons which 
run all the way down the spinal cord and 
end directly on the LMNs. Along the way, 
these axons give off many branches to higher 
level motor centers of the medulla, pons, 
cerebellum, etc. It appears that this direct 
communication from highest to lowest levels 
of the system allows high level command 
systems to reach around the motor auto- 
maton hierarchy for direct intervention. It is 
obvious that this type of control must be 
available to a system which is to have a 
behavioral repertoire that is not built solely 
of stereotyped action patterns. This is partic- 
ularly true if the system is to have the 
capability of constructing novel behavior 
patterns, either to meet a particular prob- 
lem, or to serve as a basis for learning new 
behavioral repertoire items. 


А Sense of Touch 


Although systems such as the cerebellum 
and the basal ganglia have direct communica- 
tion with the hierarchical motor system to 
contro| the many motor stereotypies which 
it automatically generates and regulates, 
they also both access the somato-motor cor- 
tex, and apparently provide most of its 
direction and control. The somato-motor 
cortex then may be viewed largely as an ex- 
tensive decoder for cerebellar and basal gang- 
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lia initiated actions. There is one situation, 
however, in which the somato-motor cortex 
is itself the originating device for motor 
function. That situation is the control of 
action based on feedback information from 
the sense of touch. The reason we refer to it 
as the "somato-motor" cortex is that this 
region not only contains the neurons which 
give rise to the axons controlling the lower 
motor systems, but also the neurons which 
receive the input from the touch receptors їп 
the skin. The sense of touch is technically 
referred to as "somesthesis." The special 
relation of the sense of touch to this system 
is explained by the fact that a great deal of 
fine motor control is under feedback control 
derived from the various transducers for 
pressure and other sensations which com- 
prise the sense of touch. This is especially 
truc of organisms such as human beings 
which place so much behavioral emphasis on 
the control of precise manipulative move- 
ments. While a great many movements which 
are under feedback control may initially be 
under visual guidance in reaching the general 
area, the fine control of the later stages is 
generally under the control of feedback 
from touch receptors. When you pick up an 
object with your hand, it is not your eyes 
which tell you how hard to squeeze, or just 
how to grasp. (Have you ever used a key- 
board that didn't provide tactile feedback?) 
The  somato-sensory function of the 
somato-motor cortex involves elaborate 
encoding schemes which are similar to those 
which we will consider later with the other 
cortical sensory systems. For now, suffice it 
to say that this information may act directly 
on the motor output aspects of this region 
to initiate motor activity in those cases 
where touch information is the appropriate 
controlling input. [n other cases, this inform- 
ation may be used to provide correction to 
outputs of the somato-motor region which 
are being initiated and controlled from other 
structures. 

The somato-motor cortex receives its 
principal control inputs from a group of 
nuclei in the thalamus, which in turn receive 
the major share of their input from the 
cerebellum and the basal ganglia. These 
thalamic nuclei thus serve as preprocessors 
which synthesize directives for the sensori- 
motor cortex out of requests fram several 
systems. 


Homing in on a Stimulus 


The final portion of the higher motor 
system which we shall consider in detail is 
the collection of nuclei known as the basal 


ganglia. | shall use this term to include same 
nuclei of the mesencephalon and dience- 
phalon as well which function largely in 
conjunction with the basal ganglia. 

Just as the cerebellum is heavily involved 
in the operation of feedforward and dead 
reckoning kinds оГ control, the basal ganglia 
are primarily involved in graded, feedback 
controlled movements, particularly those of 
a learned nature, or those under direct 
conscious control. It can probably be 
regarded as the highest leve! in the command 
system which has a primarily motor oriented 
function. 

The structure of the basal ganglia at the 
neuronal level is entirely different from that 
of the cerebellum. There is no obvious 
pattern of spatial arrangement to its 
neurons, although both local and output 
elements can be identified. The local elc- 
ments are much more numerous than the 
output elements, and form an extensively 
branched system within the basal ganglia, It 
appears that most of these have an inhibi- 
tory action, so that neighboring elements are 
quickly turned off by any activity. Some of 
these connections are recurrent, so that 
input driven elements, too, tend not to 
remain active beyond an initial response to 
input. This is in sharp contrast to the 
situation in the cerebellum where the entire 
principle of operation is based on a propa- 
gated response in а neuronal network, 
initiated by a single input. The action of the 
basal ganglia is of a sort called “sel f-quench- 
ing." That is, an input will initiate a burst of 
activity, but unless the input is maintained, 
or augmented by another input, it will 
rapidly inhibit itself, This is true not only 
because of the local recurrent inhibitory 
neurons of the basal ganglia, bul also 
because of negative feedback loops from the 
basal ganglia to its inputs which tend to 
damp their initial activity. Notice the sim- 
ilarity of basal ganglia action to that of a 
differentiator. If one could consider the 
space coded byte of the active input ele- 
ments to the basal ganglia as encoding some 
static scheme of output for motor behavior, 
the temporal output byte of the basal 
ganglia might be thought of as having 
properties similar to the first time derivative 
of the behavior specified. This output would 
ihen be decoded into commands to the 
motor cortex, cerebellum, and reflex motor 
system. By outputting this time decaying 
command, it is ensured that the behavior 
will not continue unless (1) the command is 
sustained by some other means, or (2) a new 
command set is tried, producing a new set of 
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self-quenching output pulses. This feature is 
essential if the continuation of a behavior is 
to be made contingent on its consequences. 
The basal ganglia in fact have sets of inputs 
which are precisely configured to achieve 
this contingency. 

The outputs of the basal ganglia run 
principally to: the thalamus and thence to 
the motor cortex; to the motor nuclei of the 
mesencephalon and thence to the sub- 
systems of the reflex motor apparatus; and 
to the motor nuclei of the pons and thence 
to the cerebellum. The basal ganglia are thus 
in a position to transmit information and 
commands to all aspects of the motor 
system. There is little here that is not 
understandable in terms of principles we 
have already dealt with, and it requires no 
elaboration. 

The inputs to the basal ganglia, on the 
other hand, are the key to understanding its 
function. There are three major components 
of the input. First, the entire cortex projects 
fibers into these nuclei. These fibers, and 
those of the second component which arises 
from the thalamus (a structure which organ- 
izes the activity of the cortex, and processes 
IO for it), tend to make contact with a few 
specific neural elements in the basal ganglia. 
These two input groups may be thought of 
as specifying discrete patterns of activation 
which are encoded by an action like a series 
of cascaded AND gates into a pattern of 
activity, or potential activity, on the output 
lines of the basal ganglia. If output contin- 
uously, these outputs could be decoded by 
lower motor structures into specific move- 
ments. |t appears however that these inputs 
alone are insufficient to sustain much 
activity in the face of the strong local 
inhibition generated by their own action. 

The third input component to the basal 
ganglia arises from a group of nuclei which 
are related to other brain systems that detect 
the rewarding or punishing quality of the 
stimulus pattern being decoded by the 
sensory systems. This input component has a 
very different distribution; it branches 
widely within the basal ganglia, each axon 
making synapses with tens of thousands of 
neurons. As a result, it cannot specify any 
very specific pattern of activation in the 
basal ganglia. Its action is diffuse, and 
principally temporarily coded. On the other 
hand, it can exert a widespread gating action 
on al! ongoing basal ganglia activity. Thus, 
an input containing information about the 
intensity of the organism's emotional 
response to the results of ongoing behavior is 
capable of sustaining or inhibiting the next 
phase of the behavior. Given the self-quench- 
ing nature of activity in the basal ganglia, it 
is easy to envision a process by which a 


behavior "suggested" by the cortical and 
thalamic inputs is only sustained if the initial 
input results produce a sustaining input 
which strengthens the initial activation 
pattern, perhaps by summing with it to 
overcome the self-inhibition. The third input 
component is of course ideally situated for 
such a function. 

In its most primitive form, this scheme 
results in a sort of “homing device" which 
will cause an organism to follow an increas- 
ingly intense stimulus, such as odor, to its 
source, such as food. That is, as the search- 
ing and locomotor patterns generated by the 
animal result in increases or decreases in the 
intensity of the pleasurable stimulus, they 
are appropriately facilitated or eliminated. 
Out of this simple feedback guidance mecha- 
nism, a host of more elaborate behaviors are 
developed, by evolution and learning, with 
the aid of the immense processing power of 
the cortex to provide detailed analysis of the 
environment and to generate more complex 
patterns of behavior for trial. 

At the present time, we cannot precisely 
specify the pattern of detailed connections 
in the basal ganglia which results in these 
actions. The nature of its operation is 
inferred indirectly from evidence derived by 
stimulating its inputs or disabling its 
outputs. This evidence seems to establish 
that normal operation of the basal ganglia is 
essential to orientation and approach to 
stimuli, and initiation of voluntary behavior 
and complex learned behavior, particularly 
that involving anticipatory actions. The con- 
vergence in the basal ganglia of processed 
sensory information from many areas of the 
cortex provides a source of feedback infor- 
mation which can interact with and modify 
basic action plans generated by other 
cortical areas. Damage to the basal ganglia 
causes a loss of the ability to modify 
complex actions and judgements on the basis 
of sensory feedback. (This sort of feedback 
modification is distinct from the nonspecific 
sustaining action of feedback from the 
reward detector circuitry.) Finally, as predic- 
ted by the model outiined above, damage to 
the diffusely connected third input com- 
ponent results in failure to initiate behavior 
or orient to and approach stimuli, while 
stimulation of this component results in 
continuation of the immediately preceding 
behavior. 

There is also a growing body of evidence 
to indicate that the type of learning called 
"operant conditioning" (see the preceding 
article in this series) may depend on, or even 
occur in the basal ganglia. This type of 
learning essentially involves an increase in 
the future ability of a behavior pattern to 
compete with other potential behaviors if it 
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Figure 5: An equivalent 
block diagram approximat- 
ing some of the basic 
relations of the brain's 
basal ganglia (striatum). 
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is followed by activation of the reward 
system, To achieve this, all that would be 
required in addition to the basal ganglia 
model we have described here would be 
provision for activity in the diffuse inout 
from the reward system to lower the firing 
threshold of neurons which were active at 
the time of this input. No such mechanism is 
presently known, although it is suspected, 
but in our robots it would be easily 
contrived. 

An electronic analog of the model of 
basal ganglia action described here is shown 
in figure 5. (This model does not include the 
learning function just described.) The 
essential features are: the provision of a set 
of gates to encode the simultaneous inputs 
from the many cortical regions which con- 
tribute to the design of the behavior; a 
circuit which shuts off the encoded output 
after a brief delay; and an enabling bus 
representing the input from the reward 
system which inhibits the shut off circuit on 
active gates. This model is only illustrative, 
and better ones could be designed to mimic 
basal ganglia function. For example, the 
intensity of activity in the enabling bus 
should be employed to modulate the 
intensity of the output. 

In practice, considering the very large 
number of gates required, and the fact that 
operation of the system is slow since it 
requires direction from physical results of 
actions, it will probably be best to simulate 
much of the gating and modulation in 
software on a fast processor. А few relevant 
principles are worth noting here. The ratio 
of input to output lines in the basal ganglia 
is very high. It receives input fibers from the 
entire cerebral cortex, which is by far the 
largest structure in the human brain. Output 
neurons on the other hand comprise less 
than five percent of the neural complement 
of the basal ganglia. Clearly a great deal of 
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encoding takes place here; output line per- 
mutations are selected by gating an enor- 
mous number of inputs. Consistent with 
this, the outputs undergo an equally enor- 
mous decoding and fan out into the entire 
downstream motor system, ultimately speci- 
fying the actions of billions of LMN units. 
The basal ganglia outputs thus represent a 
"narrow spot” in the system, through which 
most of the organism's complex goal direc- 
ted behavior passes. Similarly, the reward 
system which provides the gating or modu- 
lating input to this information flow repre- 
sents the ultimate distillation of analysis of 
the entire sensory world of the organism as 
it pertains to reward. The amount of 
processing going on at higher levels to 
generate behavior patterns, and the amount 
required to evaluate their effectiveness is 
awe inspiring. Yet, the closing of this most 
complex feedback loop of all time is carried 
out relatively easily thanks to interaction at 
the "narrow points” of the two systems in a 
simple decision to keep going or quit doing 
what you're doing. The need for specific 
feedback to the behavior generating ele- 
ments is thus eliminated. They simpiy try 
something else which they derive from estab- 
lished hierarchies or generate from similar- 
ities with past situations. 

If we are to provide the capacity for 
robot behavioral systems to modify large 
scale behavioral strategies on the basis of 
evaluation of their effects, or if we wish to 
provide an operant conditioning capability, 
it will be necessary to gate or modify 
massive amounts of information. The most 
hardware conservative approach may well be 
to emulate the basal ganglia system бу 
allowing a simple statement of the evaluative 
system's reaction to perform a "more or 
less" modulation of the output of the 
behavior generators at a highly encoded 
"narrow spot," and leave the behavior gen- 
erators to try again according to trial and 
error algorithms, rather than trying to 
correct them directly. Specific feedback 
information of a nonevaluative sort, such as 
corrections to intended position from visuai 
observation of the limb, become part of the 
command pattern prior to modulation by 
the evaluative system, simply by being part 
of the input pattern to be processed in 
generating the next attempted output 
patterns. These inputs could be handled by a 
software gating system, given processor 
speed, and the intensity of the evaluative 
function could be digitally coded and 
applied by software arithmetic rather than 
by mimicking the brain’s analog system. 

Having looked at the detailed operation 
of some of the important components of the 
brain's motor output system, let us finish 
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Figure 6: Overall pattern 
of information flow in the 
brain's motor output sys- 
tem. A "top down" hier- 
archy of contro! is modi- 
Hed by inputs at multiple 
levels. 


with it by looking at a schematic summary 
which emphasizes the interactions of the 
different parts of the system. Figure 6 shows 
the main routes of information flow in the 
system, together with the major controlling 
inputs. Some of the "black boxes'' such as 
"reward system" will be covered in future 
articles. 

One of the outstanding features of the 
System taken as a whole is that it does 
function in an organized and integrated way, 
despite the fact that its parts are in many 
ways autonomous, and certainly not 
synchronized in their operation. À key to 
this capability is the provision of status 
information to each unit of the system by 
each of its neighors, and the ability of each 
to employ this information in an intelligent 
way in formulating its own output. А 
further refinement is the provision of a 
structure such as the cerebellum where 
status information from diverse systems can 
interact to generate correction information 
which returns inta the main line of the 
relevant systems. Wide scale availability of 
information from special movement relevant 
sensory input systems 15 another unifying 
feature. 

If we leave out the "behavior generating 
system," which is properly a decision 
making system to be considered later, not a 
system for execution, we can discern four 
major portions of the motor system 
(although some structures service more than 
one portion). The first is a system which 
handles most of the routine traffic according 


to established rules, and provides automatic 
elaboration according to established rules 
when given high level commands. The 
second is a system which converts parallel 
Statements of action patterns into serially 
executed instructions to the first system. 
The third system provides a highly intel- 
ligent output terminal which can access the 
final output elements directly in the service 
of any of the higher systems on request. The 
essential feature here is that it is a parallel 
control for refined special purpase control, 
and is not necessary for most routines. 
Finally, a fourth system provides for inter- 
action of the high level decision making 
systems with elaborately processed feedback 
information to generate complex instruc- 
tions to the other systems, after screening 
them for effectiveness. 

In this constellation of functions, we find 
the capability to deal with rapid emergency 
movements, automatic compensation for 
externally imposed deviations, fine graded 
control under the direction of any sensory 
input, and the execution of arbitrary novel 
patterns, The organizing principle which 
seems to best define the system is its 
emphasis on successively more abstract com- 
mand functions at higher levels in the 
systern, and a corresponding increase in 
"situation free" statements. That is, a high 
level element can issue a “walk” command 
without being concerned about the nature of 
the terrain. It has distinct analogies to high 
level programming languages. We shall see a 
similar organization in reverse in the sensory 
systems, where detailed information at the 
receptor level is gradually reduced to 
powerful statements of object recognition, 
independent of details of the sensation as 
the information ascends in the system. 

Even with all of this elaborate apparatus 
to direct and coordinate body motion, the 
problem of movement in the generalized 
environment remains a challenging one. 
Despite the massive investment in processing 
power that the brain has devoted ta the 
problem, we still fall down sometimes, 
Producing a robot system that even 
approaches the brain's abilities will be a 
great challenge.8 
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I'd like to comment on some of the items 
in your November 1977 Languages Forum, 
page 190. 

| think Glen Taylor's idea for a "personal 
computer language development society" is 
great! | only hope he gets people whose 
minds are open enough to be able to borrow 
the strengths of any existing language. Alas, 
| am not experienced in microcomputers nor 
language design; the only thing ! could offer 
is enthusiasm and a little experience in using 
some of the current languages (although 
never did discover how to actually use 
LISP). 

If Jeffrey Kenton can't offer Peter Skye 
anything other than a prophecy of failure, 
he should have saved his time and stamp. 
(“The proposed PL/Skye will make no one 
happy." You never know, Jeff, it might be 
ecstatic.) RPG an a micro? Super idea! (The 
premise is that anything which helps make 
any computer easier to use is a good idea.) 
Terrible early experiences with PL/I? That's 
no reason to quit; surely we can learn from 
that and do better in the next attempt. 

Му only contact with PASCAL has been 
via A Primer on PASCAL by Conway, Gries 
and Zimmerman which leaves out a lot of 
stuff (because it is really a primer on pro- 
gramming which merely uses PASCAL for 
its examples). My objections to what l've 
seen of PASCAL are: the apparent necessity 
of "declaring" every symbol in the program 
before using any of them; the apparent re- 
quirement of numbering a statement to go 
to {1 want to name it); and the clumsiness of 
character string handling.™ 
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— — Build Your Own Working Robot by 
David L  Heiserman, published by Tab 
Books. This book will not tell you how to 
build Robbie, the robot of Forbidden 
Planet, or a classical android of science 
fiction. What it will introduce you to is the 
problems of making a robot mobile device 
called Buster 11, using pre-microprocessor 
TTL integrated circuits for all logic func- 
tions. It is a must book for background 
reading, but much of the logic can be 
extremely simplified using today's micro- 
processor technology. Use this book as a 
first look at these problems from which you 
can build further and more elaborate solu- 
tions, Softbound, $5.95. 


Getting Involved With Your Own Com- 
puter by Leslie Solomon and Stanley Veit 
answers the questions: “What can small 
computers do? Which is best for my pur- 
poses?" Whether your interest is business 
applications, word processing, education, 
security, etc., this lucid text will bring you 
in touch with an exciting new world des- 
tined to affect us all. $5.95. 


$12.00 
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ENT NCE 


The Texas Instrument Reference Library 


Computational Analysis on the Pocket 
Calculator contains some 35 programs 
written for a specific programmable pocket 
calculator, the HP-25. These programs 
implement algorithms in number theory, 
equation solving, algebraic stabitity theory, 
calculus of power series, numerical integra- 
tion as well as algorithms for the evaluation 
of special higher transcendental functions, 
Such as the Gamma function, various Bessel 
functions, the error integral, and the 
Riemann zeta function. j 

A unified format has been chosen for 
the preparation of the programs. By means 
of the flow diagrams and the detailed de- 
scriptions that are provided, the programs 
are easily adapted to run on any calculator 
of comparable capacity. $11.50. 
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NEW! 


The First West Coast Computer Faire 
Conferance Proceedings. Here's а big pack- 
age of fascinating infarmation and practical 
guidelines from the symposia held at the 
1977 West Coast Computer Faire. The First 
West Coast Computer Faire Conference 
Proceedings contain 336 pages covering: 
tutorials for the computer novice; human 
aspects of system design; robots (including 
the text of a talk by science fiction writer 
Fred Pohl); computers for the physically 
disabled; legai aspects of personal com- 
puters; education; electronic mail; music 
with computers; hardware; software— the 
list goes on. This compendium will make a 
useful addition to your reference shelf, since 
it contains many hard-to-get items. You 
can't miss far $12! 
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Designing With TTL. Integrated Circuits, $28.50 

-— Bipolar Microcomputer Components Data Book, $2.95 


William Ralph Bennett Jr's Scientific 
and Engineering Problem Solving With The 
Computer is one of the most exciting 
books we've seen in years. Besides teaching 
BASIC (which it does admirabiyl, this 
lively, lucid book presents a wealth of 
imaginative and unusual applications pro- 
grams taken from many disciplines {А 
sample exercise: “Using the algorithm 
in the text with the pair-correlation matrix 
from Hamlet, compute the most probable 
diagram path which starts with the letter 
T") The exercises run the gamut from 
random processes to the dynamics of 
motion, from entropy in language to the 
Watergate problem. You'll discover BASIC 
applications in lasers and in the Fourier 
series and the law (!). In its diversity and 
elegant style, it ranks with Donald Knuth's 
works as a milestone in the art of com- 
puting. Hardcover, $13.95. 


Scelbi "6800" Software Gourmet 


Guida & Cookbook 


Scelbi "8080" Software Gourmet 
Guide & Cookbook, both by Robert Find- 
ley. Have you tried cooking up a program 
tately on your 6800 or 8080 processor? 
Have you needed a dash of ideas on how to 
add spice to a program? Then the Scelbi 
"6800" Software Gourmet Guide & Cook- 
book and the Scelbi ‘8080 Software 
Gourmet Guide & Cookbook may prove to 
be quite useful additions to your library. 

Both books contain a wealth of infor- 
mation on the 6800 and 8080 instruction 
sets, plus general programming techniques 
applied to the 8080 and 6800, conversion 
routines, floating point routines, decimal 
arithmetic routines, and much more. Order 
yours today and get a taste of what your 
processor can do. Both books are priced at 
$9.95 each. 


The Art o£ Computer 


Programming 


Old Favorites 


Basic BASIC by James S Coan. If 
you're not already familiar with BASIC, 
James Coan's Basic BASIC is one of the 
best ways to learn about this popular 
computer language. BASIC (which stands 
for Beginner's All-purpose Symbolic Instruc- 
tion Code) is easy to learn and easy to apply 
to many problems, Basic BASIC gives you 
step-by-step instructions for using a ter- 
minal, writing programs, using loops and 
lists, solving mathematical problems, under- 
standing matrices and more. The book con- 
tains a wealth of illustrations and example 
programs, and is suitable for beginners at 
many different levels. |t makes a fine refer- 
ence for the experienced programmer, too. 
$7.95. 


gramming, Volumes 1, 


Advanced BASIC by James S Coan. 
Advanced BASIC is the companion volume 
to James Coan's Basic BASIC. In this book 
you'll learn about some of the more ad- 
vanced techniques for programming in 
BASIC, including string manipulation, the 
use of files, plotting on a terminal, simula- 
tion and games, advanced mathematical 
applications and more. Many useful algor- 
ithms are covered, including some clever 
sorting techniques designed to reduce 
program execution time. As with Basic 
BASIC, there are many illustrative example 
programs included. BASIC doesn't have to 
be basic with Advanced BASIC! $6.95. 


Praised by many critics as the best books in their field, The Art of Computer Pro- 
П and 111, are part of a projected seven volume omnibus survey of 


computer science now being completed by Donald E Knuth. 


Volume J, 


Fundamental Algorithms, begins with a thorough discussion of the 


mathematics used in computer programming, followed by a treatment of information 


structures, stacks, arrays, 
$20.95. 


linked lists, dynamic storage allocation, and trees. 634 pp; 


Volume 11, Saminumerical Algorithms, is concerned with random numbers, statisti- 


cal tests, random sequences, as well as arithmetic (floating point and ные precision), 
nolynomials, and rational arithmetic. 624 pp; $20.95. 


Volume Ill, 


deals with Searching and Sorting, and as the name implies, the em- 


phasis is on algorithms for sorting, including combinatorial properties of permutations, 
internal sarting, optimum sorting, and external sorting. Also included is a section on 
sequential searching, hashing, digital searching, and more. 722 pp; $20.95. 

A hypothetical assembly language called MIX has been developed by the author to 
illustrate programming examples throughout the series, MIX is easily convertible to other 


assembly languages. 


Prof Knuth writes with style and wit (among many memorable quotes is one from 
McCall's Cookbook!). This classic work belongs on the reference shelf of everyone 


seriously interested in computer science. 
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Programming Entomology 


Clobbered Value Bug: 
Y our program changes the 
value of a variable at a 


time and place which is 
unintended. The detection 
difficulty ranges from the 
obvious (after if is found) 
to the subtle (before it is 
found). 
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Ап entomologist is a bug expert. When he 
sees an insect, it isn't just a bug to him (in 
fact, he will vociferously protest that not all 
insects are bugs); it has a particular habitat, 
lifespan, favorite food, and breeding pattern. 
Nor is his knowledge just academic; he can 
tell you how to protect yourself from a 
harmful one by killing it or kceping it away. 

The same sort of knowledge is necessary 
for programming. The skilled programmer 
knows what kinds of bugs may attack a 
program, how to track them down, and how 
to keep them from getting there in the first 
place. He knows the ways to get at particular 
bugs, as well as the general treatments which 
are effective against all of them. 

The first thing to realize about bugs 
is that they don't appear by spontaneous 
generation. They have a creator, and their 
creator is the programmer. (Throughout 
this article, ! am speaking only of user 
program bugs; hardware bugs are an entirely 
different breed, subject to different laws, 
and systems software may be beyond your 
control. No matter how outrageously the 
program is acting, it's only following orders. 
So what you have to ask about a bug in 
your program is: how did you put it there? 
What kinds of mistakes are you prone to 
make? If you caught a certain bug in one 
part of the program, might you have put 
the same kind of bug elsewhere as well? 
"Thou art God" . . .and thou must take 
care of thy creation. 

But the fact that each programmer 
creates his own bugs doesn't mean there 
aren't species of bugs found in everyone's 
programs. Knowing about these species can 
be a great timesaver, especially when the 
species can be identified by the effects. 

One of the most common bugs is the 
Clobbered Value, found where the pro- 
grammer assumes the content of a register 


Gary McGath 
7 Silver Dr 
Nashua NH 03060 


or the value of a variable is the same as 
before, but it isn't. Take this attempt to 
exchange the values of two variables: 


10 LET X=Y 
20 LET Y=X 


This fails because when statement 20 is 
executed, the value of X has already been 
clobbered by the previous statement, with 
the result that Y never gets changed at all. 

Clobbered Values are frequently found 
on subroutine exits. It's easy to write a 
harmless looking CALL or GOSUB (possibly 
to a routine you haven't written yet) and 
assume everything will remain the same. But 
strange things can happen if the subroutine 
unexpectedly changes some values. 

A not too distant relative of the Clob- 
bered Value is the Zapped Stack, found only 
in machine and assembly code. It appears 
most often by pushing items onto the pro- 
gram’s stack at the start of a subroutine, 
then failing to pop them, or popping too 
many things at the end. Another way to 
invite this bug is to use the stack pointer 
for some other purpose during the course 
of a subroutine. 

Subroutines are also the habitat of the 
Botched Call. A certain protocol is needed 
to call any particular subroutine. If, when 
you write a call to a subroutine, you expect 
a value to be returned in the wrong place, 
or you assume the subroutine will da some- 
thing which it actually won't (or vice versa), 
this bug will have gained a foothold. The 
difference between a Clobbered Value and 
a Botched Call is that when you have the 
latter, the subroutine is doing the right 
thing; the calling program is just mistaken 
in its expectations. 

Another species of bug lurks in jumps, 
branches, and GOTOs. The Branch Bug 


Zapped Stack Bug: 
Stack oriented machines 
and software are both 
very egalitarian with 
respect to pushes 

and pops. They like 

to have the same 
number of items pushed 
as are later popped, or 
else they I! transform 
themselves from tranquil 
and placid programs into 
memory zapping monsters. 


Is so difficult to fight that serious attempts 
have been made to wipe out its habitat; 
languages and programming styles (struc- 
tured programming) have been developed 
that use no jumps. The Branch Bug comes 
in two varieties: jumping to the wrong 
place, and jumping to the right place with 
inadequate preparation. The first of these 
is easy lo produce in languages where 
statement labels have to be numbers (eg: 
BASIC and FORTRAN, especially BASIC, 
where every statement has to be numbered 
whether it's ever going to be a jump destina- 
tion or not). The jump with inadequate 
preparation is similar to the Botched Call, 
but it can often be harder to figure out if the 
program has а complex flow pattern. 

A jew special methods are applicable 
io fighting the Branch Bug. One of these 
is program flow analysis. A look at the 
possible paths a program can take will 
often. reveal some of these bugs. Is there 
a part of the program that can never be 
reached? Are there traps in the program, 
loops that can never terminate? Are there 
jumps which will result in variables being 
used without having been set to a value? 

In languages like BASIC, where every 
statement is labeled, it's helpful to set off 
Statements that can be reached by jumps 
either by using special statement numbers 
or by pointing them out in comment state- 
ments. In any language, the statements 
that can be reached by jumps should be 
logical breaking points in some sense, 
places where a new unit of work begins. 
Except in desperate situations where 
economy is all-important, jumps should 
be used to satisfy the logic of the program, 
not lo save a few instructions, 

if a subroutine call can be used instead 
af a jump, it probably should be used. A 
subroutine will send you back where you 


came from, so figuring out the flow of the 
program is easier. For many purposes, 
you can treal a subroutine as a unit when 
studying the program; as a single instruction 
that happens to do complicated things. 
You can't do this with the instructions 
reached by a jump. 

The next bug in our survey feeds on 
apples and oranges. More generally speaking, 
the Mismatched Unit is found where the 
units or dimensians of the quantities being 
used in à program aren't the ones actually 
needed. Take the program statement LET 
М = D* T, where D is a distance in miles, 
T is the time traveled in hours, and V is 
intended to be the traveler's average velocity 
in miles per hour. By using simple algebra 
on the units, you can see that the result 
obtained will be units of miles times hours, 
not miles per (їе: divided by) hour. 

Bugs of this type аге harder to spot when 
the mismatched variables are further apart 
in the program, but consistency will keep 
them from occurring. Simply be sure you 
know in advance what units each variable 
has to come in. 

Assembly and machine language program- 
ming allow an especially messy type of 
Mismatched Unit to show up: mismatches 
between addresses and data, or between 
absolute addresses and relative addresses 
(values to be added to a base address). To 
avoid this bug, watch out for the different 
addressing modes of different instructions. 

Another bug with a specialized habitat 
is the Fencepost Bug, named for its ten- 
dency to rest in problems like this one: 
“If you are pulling up a wire fence 100 
fect long, supported by pasts every 10 feet, 
how many posts do you need?” Another 
name for this buy is ihe Boundary Condition 
Bug; it's always found in connection with 
the start or end of some sequence, where 


Botched Call Bug: The 
Botched Call Bug is like 
the proverbial square peg 
in a round hole: Unless 
the peg or the edge of the 
hole yields, sparks will fly. 
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Branch Bug: Jumping 
blindly about in memory, 
the Branch Bug is always 


on a collision course with 
valid execution of a 
program. 
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special treatment is needed. One form 
manifests itself in confusion over whether 
the first element of a group is number О or 
number 1. Another is found in the attempt 
to relate each element of an array to the 
next, as in this statement: 


IF T(I) €«T(I*1) GO TO 100 


Try this one setting | equal to the dimension 
of T. 

Finally, we come to the most insidious 
of all bugs, the Timing Bug. The character- 
istic that makes this bug so fearsome is that 
a program infested by one may run correctly 
once but not the next time; it may even run 
correctly 99 times but fail on the hundredth, 
using exactly the same data each time. To 
make matters worse, running programs in 
single step mode will usually drive Timing 
Bugs into undetectable hiding. 

As ihe name suggests, the Timing Bug is 
one that shows up depending on the order 
in which asynchronous events (events that 
have an unpredictable relationship in time) 
occur. Systems that have interrupt facilities 
are especially prone to being attacked by 
Timing Bugs, since an interrupt routine may 
be executed at a different point in the pro- 
gram each time it's run. Ап interrupt routine 
may, for instance, set up certain variables 
to be used by the main program. If another 
interrupt of the same kind can occur before 
the variables have been processed by the 
main program, and if that interrupt changes 
those variables, unpredictable results can 
occur. Yet most of the time, interrupts 
may not occur that close together, so the 
bad result is said to be nonrepeatable. This 
means that repeated runs of the program 
can’t be used to systematically clase in on 
the bug. 

A Timing Bug can also live on direct 
memory access (DMA). Some mass 
storage devices can read or write data in 
bulk without the intervention of the 
processor, using those memory access 
cycles which the processor doesn't use, 


Mismatched Unit Bug: A 
result of inadequate 
analysis of a calculation, 
the Mismatched Unit Bug 
results in strange elixirs. 
When both apples and 
oranges are thrown into 
the analytical engine, 
what is the nature of the 
juice which flows out? 


The length of time a DMA transfer will 
lake is, at best, very difficult to predict; 
so a Timing Bug can strike if memory 
which is accessed by DMA can be accessed 
or modified by the processor. 

Since Timing Bugs are so hard 10 hunt 
down, extra efforts should be made to avoid 
giving them a foothold. Be extra careful in 
writing interrupt handlers or DMA com- 
mands. Watch for places where interrupts 
need to be disabled. As for the indentifica- 
tion of Timing Bugs, the following rule is 
useful: if you can prove, in a precise instruc- 
поп by instruction study, that what 
happened couldn't possibly have happened 


The Timing Bug: This 
most subtle of all bugs 
spends most of its time 
relaxing, and suddenly 
taking a swipe at appar- 
ently random times. 


from the execution. of those instructions, 
suspect a Timing Bug; something else was 
happening during the execution of those 
instructions. 

Incidentally, it's possible to encounter 
bugs much like Timing Bugs even without 
interrupts or DMA. An input or output 
device, such as a keyboard, is asynchronous 
with the program; the exact behavior of the 
program will depend on the behavior of 
these devices. For instance, a program 
which accepis keyboard input and accu- 
mulaies it in a buffer may work fine for 
you, yet a faster typist may make it fail 
because no provision was made for the 
chance of exceeding the buffer's capacity. 
But їп a situation like this, it's at least 
possible 10 look at every call to an input 
routine and tell what its effects might be. 

This completes our survey of important 
species of bugs (1 have nothing useful to say 
about the Common Typo, though it does 
have to be fought). Others will по doubt 
discover voracious breeds which | have 
overlooked, and perhaps they will improve 
on some of the classifications | have men- 
tioned. But knowing about the species 
which are listed here will hopefully be 
à help in identifying and killing the bugs 
in your own programs. 

This doesn’t mean that classifying 
bugs i5 all there is to entomology, neither 
the biological kind nor the kind being 
discussed here. Entomology — wouldn't 
be а science if it couldn't say things that 
are true of all bugs, regardless of species. 
What |] have discussed so far is differentia- 
iion; but integration is equally important. 

The basic fact that unifies all bugs is the 
one which | mentioned at the beginning of 
this article: they're all creations of the pro- 
grammer, And this fact allows the use of a 
broad-spectrum — Killer against. al bugs: 
DDT, standing for Design, Documentation, 
and Testing. Let's take them in order: 

* Design. The best way to stay bug-free 
is to write programs without bugs. This may 
sound like superfluous advice, but pro- 
grammers {myself included) are often 
tempted into writing programs quickly, 
rather than wriling them well. The attempt 
usually fails, since such programs will 
usually cost more in debugging time than 
the time saved in wriling them. 

An error born of pragmatism is to 
suppose that it doesn’t matter how you 
design a program, as long as it works. 
There are two problems with this idea. 


The first is that if you use any method 
that appears to do the job, without 
regard for well organized design, it will 
be a fot harder to ever make the program 
work. The second problem is that even if 
the program works for its immediate pur- 
pose, it will be harder to make changes to 
meet new needs, since a particular ad hoc 
solution may not be generalizable. 

The first step in designing a program is 
to lay out a complete plan of attack before 
writing it. Decide what data structures you 
will need, and what method you will use. 
Data structures аге often. the key to the 
whole program. First plan the program in a 
few large steps; then decide what each step 
wil! consist of in more specific terms; then 
repeat the procedure until you're down to 
the level of your chosen programming lan- 
guage. This is the principle of structured pro- 
gramming, and also of mental unit-economy: 
avoid having to think about more things at 
once than your mind can handle. If you can 
keep everything relevant to a particular 
operation in your head, you're not likely to 
put bugs into its implementation. 

Flowcharting is often recommended for 
program design, but it's cumbersome and 
doesn't. lend itself to representing a hierar- 
chical design. Another approach is to use a 
well designed programming language, such as 
ALGOL or APL, to write the design. Since 
you aren't actually going to run the program 
in that language, you can assume any fea- 
tures that would make the job easier. The 
point of this is to have a representation of 
the program that you can understand with- 
out strain, so that you don’t lose sight of 
your overall plan while chasing down details 
of implementation. If you do have bugs 
after doing this, at least they won't be part 
of the whole design of the program. 

@ Documentation. The main reason for 
writing up the way a program works isn't to 
explain it to someone else; it's to make sure 
you understand it yourself. Documentation 
shouldn't be an afterthought; it should begin 
with the design of the program (when you 
write what it is going to do), and continue 
with comments written along with the 
instructions. 

Good documentation isn't found in sheer 
number of comments (though there should 
be a 101); it's found in comments that ex- 
plain the operation of the program. Com- 
ments are especially needed for data, sub- 
routines, and points. reachable by jumps. 
Variables and constants should be explained 
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so that the reader will see how they can be 
used; this allows us to spol threats to 
them, such as Mismatched Units and Clob- 
bered Values. If the language allows, give 
constanis names rather than using their 
numeric values throughout the program; 
this makes updating easier and renders 
ihe Common Typo’s attacks more con- 
spicuous. Subroutines should be prefaced 
with a description of how they are called, 
what inputs arc needed, what values are 
returned, and what information may be 
destroyed in the process. Jump points 
should have an explanation of the con- 
ditions under which they are reached. 

To make à program at least partly self- 
documenting, the name of a routine or 
variable should indicate its use. One of the 
major weaknesses of BASIC is that it doesn't 
allow this to be done very much; this is a 
reason for having a lot af comment state- 
ments to explain what BASIC variables 
and subroutines are used for. 

Just as a sample, herc's a preface 1o a 
hypothetical 8080 assembly language sub- 
routine (seo box). The comments explicitly 
deline linkage conventions. 


COMPUTE PROBABILITY OF WIDGET BREAKAGE 
INPUT — MASS OF WIDGET (GRAMS) IN REGISTER РАЈЕ BC 


AGE OF WIDGET (DAYS) IN REGISTER FAIR DE 
OUTPUT — PROBABILITY GF BREAKAGE (PERCENT) IN REGISTER PAIR BC 
ALL OTHER REGISTERS ARE CLOBBERED 


The protection provided against Botched 
Calls should be obvious. 

* Testing. If you follow the approach 
outlined so far, you'll have a better chance 
of getting your program ta work, but you 
may still have planted a [ew bugs inadver- 
tenlly. So you have 1o lest the program 
before declaring it buy-free. Testing 
should begin with a simple version of the 
program, if possible; but it should begin 
only after the program has been written 
wilh enough care so thal there’s a chance 
of not finding any bugs. 

Use whatever debugging tools are avail- 
able. High-level languages will usually pro- 
vide useful information. when the program 
goes wrong. Versions of BASIC that allow 
single statements La be executed make it 
possible to find something about the 
conditions under which an error occurred, 

When working in machine language, 4 
debugging program will ease discovery of 
bugs. Such a program allows the user to 
put breakpoints into the program being 
tested (returning control to the debugger 
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when the program counter reaches à certain 
address) and to examine and modify regis- 
ters and memory. These programs range 
from simple 1 K monitors to powerful 
symbolic debuggers like Digital Equipment 
Corporation's DDT (Dynamic Debugging 
Tool, no relation to the name as used here}, 
Having one of these in ROM can be a 
tremendous help. 

If the program works the first time, try it 
again with different data to make sure. 
Check out simple cases. Sometimes а pra- 
gram will work in complicated cases, but be 
bitten by the Fencepost Bue in simple ones. 
Check out more complicated cases. |f 
possible, use à random number table as à 
source of test data, along with handpicked 
cases. 

If the program doesn't work the first 
(ime, try it again with different data, Aim 
for the simplest case possible, Wo you can 
gei the program to do something right, 
that will cut down the number of places 
where bugs may be lurking. 

When a proyram is being tested, the work 
15 easiest if execution comes to a screeching 
halt as soon as something goes wrong. А 
program may be able to run a while after 
crucial damage has occurred, only to 
clobber all of memory before stopping. 
If this happens, it can be almost impossible 
to localize the source of the disaster, Bur 
if the program makes periodic checks for 
error conditions (such as impossible values 
or invalid relationships) and reports them, 
there's à better chance of discovering just 
where things went wrong. For instance, 
a routine that fills à block of memory 
between two addresses might check to make 
sure that the low address is really lower 
ihan the high address. Redundant tests 
may slow down the program, but they 
can be taken out when all the bugs are 
known Lo be dead. 

The overriding consideration Lo remem- 
ber in the use of this Design, Document and 
Test technique is that it’s open-ended. Н 
will, in principle, kill any kind of bug; but 
a new approach to design, a better scheme 
of documentation, or a novel test may be 
needed for subile species. Approaching 
bugs scientifically means thinking about 
them. It means recognizing that any bug 
will have important similarities to pre- 
viously encountered bugs; and that ib may 
have equally important differences. So 
when you find yourself struggling to dis- 
cover what's wrong with a program whose 
behavior is incomprehensible, you сап 
console yourself wilh the thought that you 
may be about to make an exciting entomo- 
logical discovery thal you can use repeal- 
edly.m 


Technical 


Forum 


In March 1977 BYTE (page 106) David 
Price presents a Star Trek program which is 
apparently written in  Hewlett-Packard's 
BASIC, and he states that the program is 
9382 bytes jong. This figure can be mis- 
leading in that, unlike many computers, HP 
does not store programs in source code, but 
rather in an internally coded form. Thus the 
length of a program is dependent on factors 
different from ones which would be relevant 
on another system. 

For example, a constant uses two words 
of memory any time it occurs in the pro- 
gram, but a variable uses no more memory 
if it occurs 50 times than if it occurs only 
once. Hence a program can often be signi- 
ficantly shortened by setting variables 
equal to commonly used constants at the 
beginning of the program, and thereafter 
using these variables instead of the corres- 
ponding constants. 

On the other hand, while eliminating 
nonessential spaces from a program can 
decrease its length in many other BASICs 
(eg: Honeywell's), it will have no effect 
on an HP BASIC program. When a line 
of source code is entered on an HP, the 
computer translates it into the above men- 


SWTPC Business Programs 


Math Раскеда. 5 бута mantissa, 1 byte éxpanent 
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Flagting Paint and Free Formatting on both 
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Letter Writing Editor. Na line numbers needed. Subset 
yf Honeywell's 1648 Time Sharing Editor 5100.00 


and 500 Sept. 1976 issues of 


tioned internal code, ignoring irrelevant 
spaces, leading zeros in line numbers, etc. 
Then if the line is listed, the computer 
“uncompiles” this code and prints the line 
in a standard format. This is why there 
are always two blanks after the line number, 
and a blank preceding and following any 
keyword (except REM and implied LET) 
or multicharacter operator. 

It is natural for any computer language, 
even if initially standardized, to evolve into 
a collection of dialects. Every system has 
different requirements and resources. Un- 
fortunately the hobbyist can run across 
programs written in many different dialects, 
often without having any easy way of judg- 
ing how they need to be modified to run on 
his or her system. A possible (partial) solu- 
tion might be to have an article or series 
of articles in BYTE comparing the better 
known versions of BASIC, both those used 
on microcomputers and the ones found on 
the more popular timesharing systems. In 
addition to providing hobbyists with infor- 
mation to help them convert programs 
written in foreign BASICs, it would also 
provide some insight on how different sys- 
tems handle the execution of programs. 
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Figure 1: Simple resistor-capacitor (RC) low pass filter. 


A Simple Digital Filter 


At first glance, using a computer to build 
an analog filter seems like the height of 
overkil|. Imagine an analog to digital con- 
verter, a microprocessor with memory and 
peripheral interfaces, a digital to analog con- 
verter, and more, just to do the job of a 
capacitor, a resistor and a coil of wire! 
People have been building analog filters for 
years without computers. How can an analog 
filter be constructed with a digital device 
like a microcomputer? Digital filtering may 
be the answer. 

All right, you say, we must have some 
analog to digital conversion slage in there. 
True enough. А digital filter uses periodic 
samples of an analog waveform as input. 
These samples are digitally manipulated in a 
computer of some sort and then converted 
back to analog form by a digital to analog 
converter. One input sample is converted to 
one output voltage. By integrating this 
output sequence, the digital process appears 
to have a continuous analog output. 

The rest of this article describes the mani- 
pulations we must perform on the digital 
samples in order to simulate the perfor- 
mance of simple filters. The mathematics 
is quite complex and is available in many 
texts. We will try to concentrate here on the 
practical implementation of such a filter. 

Let us take for example the simple RC 
(resistor-capacitor) low pass filter shown in 


ATTENUATOR 


figure 1. This circuit passes frequencies 
in the input voltage that are lower than 
some critical frequency (called the cutoff 
frequency) determined by the resistor and 
capacitor values, while severely attenuating 
any higher frequencies. 

The output voltage Мор, then, is simply 
a selectively reduced version of Vj, (inpul 
voltage). The resistor drops the output 
voltage, as does the voltage thal gocs into 
charging C. At first, Vout = a x Vin (where 
the constant a is thc amount of attenuation 
caused by R and C). It can be shown that 
a=1/RC (where R is in ohms and C is in 
farads). 

The voltage change with time across a 
capacitor is an exponential function. If the 
voltage at time zero is V, then the voltage 
at lime t [s given by Ve 4! (a is the same con- 
stant as above). 

Now, let us consider that the input is a 
series of samples, where samples occur 
every t seconds. The output voltage at any 
given time is just the algebraic sum of the 
attenuated input voltage and the voltage on 
the capacitor at that time. In other words: 


{=0 output-aV 
t=] output-aV *aV e 3t 
t=2 output=aV *aV e àt + аме 2at 


After a number of samples, the output 
voltage becomes the sum of a number of 


> Vout 


Figure 2: Filtering process performed by the circuit of figure 1 in block form. 
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such terms. Since the terms are similar, and 
с “Mat = (o7 31). we need to compute the 
exponential term only once, and multiply 
it by isell repeatedly to get the extra terms 
of the series. Figure 2 shows the equivalent 
circuit of the RC low pass filter in ligure T, 
shown in block diagram form. It consists 
of an attenuator (factor a), an exponential 
and time delay (the capacitor), and a sum- 
mer, We them jump to figure 3, which shows 
a Howchart of this process. The only change 
is thal the attenuation factor is given as at, 
where t is the period between samples. Much 
ol the input to the filter is lost because its 
frequency 15 outside the filter range. This 
does not change the shape of the output 
the important Factor), but only the magni- 
tude ol the output (like adding gain to the 
iter). 18 you have accepted that last bit of 
Sleight of hand, you can see that figure З 
s a block diagram of a program to perform 
low pass filtering. 

Figure + shows the output of such a 
digital Hiller program when the input is a 
square wave with maximum and minimum 
values of +10 V and - 10 V, respectively, and 
a frequency of 30 Hz. The sampling rate 
is 20 samples per cycle, thus t= 1 ms. The RC 
constant a b arbitrarily set equal to 360. The 
removal ol the high frequency components 


Figure 3: 
performing а 
filter function. 
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Figure 4; Result of passing a 50 Hz square wave through the digital low pass 
tiller program. 
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Figure 5: 
digital filter program. 
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НУ TE Febris 1978 1698 


VOLTS 


Figure 8: Result of passing the 50 Hz square wave used in figure 4 through a 


Figure 6: Simple resistor- 
capucitor (RC) high pass 
filter, 
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Figure 9: Result of passing the 50 Hz triangular wave used in figure 5 through 


a high pass digital filter. 


170 


BYTE Febriaey ТОТУ 


R чойт 


L> Vout 


1 


Figure 7: Filtering process 
performed by the circuit 
of figure 6 in block form. 
By changing a sum to a 
difference we convert the 
block diagram from a low 
to a high pass filter. 


of the square wave is evident. Figure 5 shows 
the filter response to a triangular wave at the 
same frequency. The output is nearly all at 
the fundamental frequency of the input, as 
one would expect of a low pass filter. 

Now, how do we simulate high pass filters 
like the one in figure 6? Here the output 
voltage is the difference of the attenuated 
input and the capacitor voltage (since the 
capacilor resists rapid changes in its charge). 
Thus, Figure 7 is à simulation of a high pass 
lilter. |t is identical to the low pass filler 
except that A+B becomes А- B. 

Figures 8 and 9 show the response of a 
high pass filter program to the same inputs 
as those in figures + and 5. The constants 
are the same, but the change in output is 
striking. 

One of the main features of software 
instead of hardware implementation is the 
ease with which software can be modified. 
A low pass filter changes to a high pass filter 
by changing an add to a subtract! Filter 
constants can be casily modifed, amplifica- 
lion added, eic. More complicated filters, 
such as band pass types, can be simulated 
by combining appropriate high and low pass 
feedback loops with adders and subtracters. 
The filters can be dynamic, adapting to the 
input. They can be programmed. This would 
Seem to suggest uses in computer generated 
music systems, audio processing, removing 
noise from signals, etc. If one has Lo convert 
analog signals lo digital form al some point 


in a design, then it may be useful to do 
much of the filtering at the digital level. 

How can you perform digital filtering in 
real time without an exponential routine 
in your computer? The answer is that the 
exponential function is a constant. It can be 
programmed in, or provided by a table. The 
critical points are the two multiplications: 
one by at and the other by e 4", Both of 
these values are usually less than 1 for a real 
filter. (In the examples, at=.360 and 
e 312,697.) What we can use is a routine 
called a fractional multiply. This is a routine 
that multiplies two values, one treated as an 
integer, and the other treated as a binary 
fraction. 

One such routine, reproduced in listing 1, 
was written by Ira Chayut. For a detailed 
discussion of how it works see Programming 
Quickies, page 124, September 1976 BYTE. 
This 16 byte subroutine forms the heart of 
a digital filter program for the 6800. In the 
program of listing 2 this subroutine is given 
the name FRACMUL. An analog to digital 
converler and sampler is assumed to pro- 
vide 7 bit samples available at the location 
SAMPLE. The routine FILTER (see listing 
2) is set up as an interrupt handler. A 
periodic interrupt is provided which initiates 
ihe sampling and causes a branch to the 
routine. Since the Motorola processor takes 
a minimum of 12 us to respond to an inter- 
rupt, a fast analog to digital converter should 
be ready with a new sample by the time the 
program needs it. Thus, no delay loops or 
tests are performed. 

FILTER assumes that the analog to digi- 
tal converter is ready when it is. It is also 
assumed that the location BVAL is zeroed 
initially. BVAL is the output of the filter. 
The constants in the listing are those of 
the examples (922.360 x 256, and 
1792:,697 x 256). FILTER should execute 
in about 300 to 400 cycles on each inter- 
rupt. Assuming a 1 ms sampling period, 
FILTER will consume about 3396 of the 
time of a 1 MHz 6800 processor. The 
memory occupied is negligible. FILTER isa 
practical program for use with audio fre- 
quencies. Listing 3 shows how easy it is to 
make FILTER either a high or low pass 
filter. 

Of course, more complex filters will 
be harder to design and will take more 
processing time. For really interesting 
Filter applications, an external hardware 
multiplier will probably be needed, but 
such circuits are available reasonably, and 
they can be used for other applications 
in the computer system when not filtering. 

Now, get in there and attack the math! 
It really isn't all that hard.m 


FRACMUL STAA ARG! JARGI ESA 
CLRA Farad 
MLOOP LSR ARGI JARGI r «ARG1/2 
ASLB ICYteMSB(B)! Br5ASLCB;,1) 
BCG NONADD IF CY=O THEN SHIP THE ADDITION 
ADDA ARGI FELSE AT*A*ARGI 
NONADD BNE MLOOP ФТЕ ARG2 NE О THEN REITERATE 
RTS JELSE RETURN WITH RESULT IN A 
ARGI RMB 1 SINGLE BYTE TEMPORARY DATA AREA 


Listing 1: The fractional multiplication routine. The result is returned to 
the main program in the accumulator. 


CLR BVAL P3 INITIALIZATION 


FILTER LDA А SAMPLE JA13 A/D SAMPLE (7-BITS) 
LDA в #92 JB:* ‘aT’ 
JSR FRACMUL JMULTIPLY 
STA А TEMP sTEMPE® ANSWER 
LDA A BYVAL JAt= ВУЧАТ. 
LDA B $179 JBr* E (LN BASE) RAISED ТС THE (САТ) POWER 
JSR  FRACMUL JMULTIPLY 
ADD А TEMP I SUMMATION FOR LOW PASS FILTER 
STA A BVAL JRETURN ANSWER 
RTI 


BVAL RMB 1 
TEMP RMB 1 


Listing 2: Low pass filter routine. This routine can be followed using the 


flowchart of figure 3 or the block diagram of figure 4. 


SUB А TEMP JCHANGE TO HIGH PASS 
NEG А 


Listing 3: To convert the low pass filter routine of listing 2 to a high pass 
filter routine, replace the ADD instruction with the above two lines. It can be 
seen that this is the only difference between the block diagrams of figures 
2 and 7. 


Reference Book 


of Personal 


and Home Computing 


Ever try to find the addresses of some manufacturers of, say, 
tape cassette or floppy disk interfaces for micros? Frustrat- 
ing, isn't it? Well PCC has done something about it. This 
book lists hundreds of companies and stores selling hardware, 
software, and services. Survey articles on software, hardware, 
kits, applications and the future for the experienced and the 
not-so-experienced user of micros. Also included in this edi- 
tion are bibliographies for further reference, book reviews, 
and an index of the articles from the major hobbyist maga- 
zines, АП for the low price of $4.95, plus БО cents postage. 


Available through: 


ЕЛ 
T 


BANWAMERICARO 


BITS, Inc. а | 
70 Main Street : 


Peterborough NH 03458 


In unusual cases, processing may exceed 30 days. 


Master Charge and 


BankAmericard Welcome. 
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Technical 


PLOTTING SURFACE 


| SECONDARY ARM 
[шр 


SECONDARY 
SERVO 


Y-AXIS 


PRIMARY ARM 


X-AXIS 


Figure 1: Layout for the articulated plotting method. The primary ser- 
vomotor is stationary with a secondary servomotor on the far side of its 
lever arm. The secondary servomotor moves a second lever arm which con- 
tains a pen on its far end. 


(a) BLOTTING SURFACE (b) 


Sot 
MECHAN SM. 


SECCNÓ&MY 
48м 


PRIMARY SECONDARY 
SERVO SERVO 


Figure 2: The intersection plotting approach uses two stationary servomotors. 
The pen is held precisely under the intersection of the two lever arms. Figure 
2а is a graphical view of the plotter on the plotting surface. Figure 2b isa 
close-up view of the slide mechanism and the pen holder. 


Y-AXIS 


PLOTTING SURFACE 


TENSION 
SPRING 


X-AXIS 


SERVO SERVO 


Figure 3: The polar plotting method uses a primary servo to swing the entire 
assembly across the plotting surface. A second servomechanism moves the 
pen along the lever arm. 
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Some Plotting Comments 


T P Roberts 

Kern Instrumants Inc 
111 Bowman Av 

Port Chester N Y 10573 


The Servo Plotter 


There are several ways to tackle the prob- 
lem of building a plotter using the hobby 
servomechanism described briefly on pages 9 
and 10 of March 1977 BYTE. As might be 
expected, the designs span the range be- 
tween hardware and software intensive 
operation, the latter being less stable mech- 
anically. The simplest to build, for example, 
requires by far the most software, is mech- 
anically the least precise, and has the least 
theoretical accuracy. 

This "articulated" design proposed in 
the earlier article is in the form of a chain 
as seen figure 1. А base mounted servo 
(primary) controls an arm with the secon- 
dary servo mounted on the far end. The 
second servo in turn controls an arm 
carrying the drawing pen. 

The next simplest design is the intersec- 
tion plotting method, where the x, y pen 
position is a function of two angles, deter- 
mined by the servomotors, and the base line 
(distance between servos). Figure 2a shows 
the plane view of such a plotter. Figure 2b 
shows a close-up view of the two arms, slide 
mechanism and pen holder. Notice that the 
pen must fit within the slide mechanism to 
eliminate offset errors. This design does not 
utilize the full 180° sweep of the motors; 
thus accuracy is reduced over the plotting 
surface. 

Figure 3 shows the polar method of 
plotting which uses the familiar polar 
coordinate system. Standard Cartesian-to- 
polar conversion can be used to produce 
the contro! data. The analog angular-to- 
linear conversion is accomplished by the 
simple pulley arrangement. 

The servo portion of this device may, of 
course, be located anywhere along the radial 
arm of the plotter. A small offset correction 
is required if the pen travel is not aligned 
with the primary servo axis. 

The final design shown in figure 4 uses 
two of the linear devices shown in figure 3. 
The primary device is rigidly attached to the 
plotting table, but the pen holder has been 
replaced with the secondary device mounted 
at right angles to the first. This, then, is an 
XY plotter. The only software required to 
operate this type of plotter with the servos 
being discussed is to scale the coordinates 
into timing data. 


PRIMARY 


SECONDARY 


SERVO 


Y-ÀAXIS 


Accuracy 


Let's now take a look al two important 
aspects of each system: ease of construction 
and accuracy. 

As these servomechanisms are to be 
operated by computer in discrete steps, 
positioning is possible only to the nearest 
grid inierseclion corresponding to these 
steps. The theorectical plotting accuracy 15 
limited to one half the grid spacing. 

The tangential distance between radial 
lines 25 cm long and 0.04 "^ apart is 0.17 mm. 
An XY plotter would give a square grid with 
spacing of 0.054 mm over a 25 cm square 
area, Repeatability or precision of pen place- 
ment depend largely on mechanical design 
and construction. 

Due to the compounding of crrors and 
large moment arms in its design, the articu- 
lated plotter has poor precision relative to 
the oiher designs. The polar plotter suffers 
fram the same problem to a lesser extent. 
The problem with the polar design, as with 
the XY plotter, is the. mounting of one 
device upon another without causing undue 
instability. The intersection plotter suffers 
from iheorectical, rather than mechanical, 
instability. As with the articulated plotter, 
its full range of 180° cannot practically 
be used. Also, the area near the base line 
does not have frequent grid intersections. 


Plotting with Servomechanisms 


The servomechanisms considered here 
respond only to positioning commands. The 
XY plotter, for example, is restricled to 
drawing straight lines parallel to each axis 
and at a 45° angle. Other plotter designs 
have similar limitations. АП lines not so 
Siiuated must be composed of small incre- 
ments of these lines, giving the final pro- 
duct a sawtooth appearance. Computer 


TENSION 
SPRINGS 


plotting 


another 


time required to compute these small 
increments will be significant, except in 
the case. of the XY plotter. where servo 
motions for small line segments are pro- 
portional to motions for the entire line. 
This property, in addition to the conver- 
sion formulas, makes the XY plotter by far 
the most attractive from a calculation point 
of view. 


CONVERSION FORMULAS 


Articulated Plotter 


In order to position the primary and 
secondary servos at their proper angles (01 
and 82 respectively) to provide the required 
X, y pen position, it is convenient to first 
convert these values to the polar coordinate 
system, Equation |, below, shows the con- 
version by which the radial distance, R, from 
the origin (the primary servo axis), and the 
angle 0 (the slope from the origin to x, у) 
(sce figure 5) are found. 


Equation 1. 
R = SQRT(X**°2 + Y**2) 
Ü= ARCTAN(Y/ABS(X)} 
or 0 - 180 ARCTANIY/ABSIX)), when X 
is negative. 


Figure 4: The XY plotter 
uses two of the polar 
devices. The 
moving pen is replaced by 
servomechanism. 
with the moving pen can- 
tained on its lever arm. 


Figure 5: Coordinate plot- 
ting scheme for the articu- 
fated plotter. The lever 
arms are indicated by L1 
and L2 07 is the angle 
generated by the position 
of the lever arm with re- 
spect to the primary fever 
arr. 
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Figure 6: Arrangement for 
ihe intersection plotter. 
The distance B is the dis- 
tance between the two 
servomotors. The two 
fever arms intersect at 
point х, y. 


Figure 7: The plotting 
arrangement for the polar 
coordinates. Length L is 
the total length of the 
plotter's arm. The value R 
is the distance of the pen 
from the plotter arm's 
origin. C is the closest the 
arm сап approach the 
origin. @ is the angle of 
the primary servomech- 
anism at the origin with 
respect to the horizontal 
AXES, 
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The values of #1 and 02 are then found from 
equation 2 where L1 and L2 are thc lengths 
of ihe primary and secondary arms respec- 
tively: 


Equation 2: 
02 = ARCCOSI(R* *2- L1**2- L2**2} 
H2*L1'L2) 
01-20- ARCTANIL2*SINIÜ2IILT4L2* 
с0510211! 

or B1 = 8 — 02/2, when L1 = L2. 


Note that using this formula the angle pro- 
duced at the origin by the pen position and 
primary arm is exactly one half the angle at 
the secondary servo, when the arms are of 
equal length. /7he formulas needed for 
plotting with this arrangement are funda- 
mentally similar to positioning a singly 
jointed robot arm. , RC} This conversion 
would no doubt be difficult to handle in a 
low level language. 


Intersection Plotter 


The formulas required by the intersection 
method (see figure 6) are considerably less 
complex. 


Equation 3: 
1 = ARCTAN(Y/X) 
02-180- ARCTANI(Y/tB- XH 


B is the distance along the X axis between 
Servos. 


Polar Plotter 


The polar plotter (figure 7) also uses 
equation T to convert Cartesian coordinates 
to polar form. in addition, the value of R 
must be scaled into angular form as follows: 


Equation 4: 
0 = {R- CI*180/L 


L is the radial distance produced by rotating 
the secondary servo 180°, and C is the 
minimum radial plotting distance. 


XY Plotter 


Equation 5 gives the angular values rce- 
quired by the XY plotter. 


Equation 5: 
01 = X*180/L1 
02 = Y*1B0/L2 


L1 and L2 are the linear motions produced 
by 180" rotation of the primary and secon- 
dary servos, respectively. 


Converting Angle Requirements to 
Timing Data 


Assuming required pulse widths from 
1.3 to 3.6 ms, as noted in March 1977 
BYTE, equal steps of about 0.04 ° through- 
out the 180" range of the mechanism would 
be provided with counts from 2600 to 7200, 
assuming a 2 MHz clock rate. The number of 
counis needed to produce a given angle is 
then given by equation 6. 


Equation 6: 
N = 2600 + 2*230/9. 


The count value, М, is simply truncated, or 
rounded off, For better precision. 

This high precision timing would require 
external hardware to receive the data, count 
down at the proper rate, and interrupt the 
processor at completion. The alternative is 
a software loop with steps of 0.0075 ms, 
based on an 8080 chip requiring 15 cycles 
for decrement and branch on zero. With the 
XY plotter this would give a grid spacing, 
over a 25 cm square area, of 0.81 mm. 


Conclusions 


From the information presented so far, 
it appears that the more easily constructed 
plotter designs have inherently less precision, 
use a larger grid spacing, and require more 
complex, lime consuming software, The 
most easily programmed device, the XY 


plotter, requires more exacting construction. 
Ав a compromise, the intersection plotter is 
a good choice, being simple of construction 
without requiring too much computation. 
Those hackers who plan to do any great 
amount of plotting, though, will do well to 
consider the XY plotter. For many uses too, 
software timing should prove sufficient. 


Further Refinements 


To fully automate plotting, a solenoid 
could be attached to the pen holder to lift 
and drop the pen under program control. 
A small servo should be able to be activated 
directly from the output latch, at least 
through a transistor. 

Servo speed contro] would be another 
nicety, allowing fast, processor efficient 
Straight-line drawing, and producing a 
higher quality line. For example, if the 
X axis servo were to move at a speed twice 
that of the Y axis servo, a straight line at 
an angle of 25° would be produced. Simi- 
larly, lines could be drawn at any angle. 


A Standard for Writing 


David A Wallace 
146 Westford St 
Chalmsford MA 01824 


Standards 


I'm sick to death of save the world arti- 
cles proposing standards for software data 
structures and object code formats which 
start by assuming that the author's pet 
descriptor is the ultimate and final word 
to be said about the subject. | am therefore 
proposing the following as a standard for 
software standards: 


* Be humble: Don't make grandiose claims 
about the universal applicability of your 
structure. Instead, define the limits of 
the range of applications to the best of 
your ability, Often it is as useful to 
know where something cannol apply 
as to know where it can. 

€ Plan for change: Everything in this 
universe either evolves or becomes de- 
funct, including software. For example, 
set up the structure of your construct so 
that the first byte (word, field, whatever) 
represents the revision number of the 
specification which describes this struc- 
ture. That way, if you have a data base 
which corresponds to revision 3 of the 
specification for random files and you've 
just recompiled the program which up- 
dates the data using a compiler whose 
random file operators correspond to re- 


FEATURING A. 


Circle 53 on inquiry card. 


80-103A Serial 1/0 and FSK modem for 
professional and hobby communications. 


* Completely compatible with your IMSAt, ALTAIR* 
SOL ** or other S-100 microcomputers. 
Trademarks of *MITS, * *Processor Technology 

* Designed for use on tha dial telephone or TWX 
networks, or 2-wire dedicated lines, meets all 
FCC regulations when used with a CBT coupler. 


* All digital modulation and demodulation with on 
board cyrstal clock and precision filter mean that 
NO ADJUSTMENTS ARE REQUIRED 

* Bell 103 standard frequencies 

* Automated dial (pulsed) and answer 

* Originate and answer mode 

ө 110 or 300 BPS speed select 

* Complete self test capability 

* Character length, stop bit, and parity 

* 90 day warranty and full documentation 


PRICES Bare Board and Manual 49.95 
Assembled (48 hour burn in) 279.95 


D C Hayes Assoc. 


P.O. Box 9884, Atlanta, Ga. 30319, 404/231-0574 


MINATURE SOLID STATE 


202 VIDEO CAMERA KIT 


100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 


THIS UNIQUE UPDATED CAMERA KIT 
FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 


FEATURES 


Sensitive to intra red 

as well as visible light 

May be used for IR surveillance 
with an IR tight source 
Excellent tor standard 
surveillance work, because 

of light weight and small size 
All components mounted on 
parallel 334 " x 6%” single 
sided boards 

Total weight under 2 tbs. 


ADVANTAGES 


All clock voltages operate at БУ 
requiring no adjustments 

Higher video output signal 

We supply the power board, so only 
a 5V 1 Amp power source is needed 
The circuitry has been supplied for 
easier assembly 

Two ievel TTL output is supplied for 
interfacing 


In the tuture we will supply a computer 
video interface card 


*349 


DATA COMMUNICATIONS ADAPTER 


We supply all semiconductors, boards, data sheets, 
diagrams, resistors and capacitors. 
Sorry we do not supply the case. batteries and БУ supply. 


Add $2.00 Postage 
and Handling 


{ SOLID STATE SALES 


РО BOX 74a SOMERVILLE. MASS. 021413 СИЕТИ 


Circle 108 on inquiry card. 


BYTE February 1978 


175 


176 


NEWMAN'S SPECIAL SALE 


SELECTRIC” 
TERMINALS 


Loaded with features 
æ Typewriter print quality 

s R3232 Interlace levels 

е 14.8 cps 

e 13 inch line length 

e 10 characters/inch 


* Ideal for text editing & word pro- 
cessing 


+ Software & documentation 
available for easy interfacing іо 


. most popular mini i - 
Offer goad while supplies last. pues ni & mierocom 


O Now a heavy duty Selectric^" ter- 
minal for less than the cost of a 
"n Selectric” typewriter! 


5 These recently manulactured (1 to 4 years old} Terminal Cormmurica- 
$49 lions, Inc. Terminals originally cosl over 33,800 They are PTTC/ 
EBCD terminals running at 134.8 BAUD Intended tor the demanding 
commercial environment, they are designed to be computer driven. 
Such key components a5 clutches and bearings are heavier duty than 
the office typewster mechanism 
By purchasmg an enormous inventory of these terminals NCE was able 10 buy them al a very 
low price. We fave added à minimum markup im order to sell {ham in large quantities quickty 
These lerminals have been cleaned, adjusted, checked lar completeness and operated in local 
mne. Although they are nol tested in lerminal mode. a check is made to see thal there are 
no obvious problems. Fora penod ol 30 days aller shipment any detective parts may be returned 
lor repair or replacement at по charge Includes nbbon & typeball 


O $339 AS IS 


А great buy lor those willing to da some 

refurbishing, these machines are believed to Refurbished machines have been chemically 
be complete, but did not work when plugged cleaned. Iubricaled and tasted. Worn meal 
in. Typical problems include sticky cams, bad parts were replaced. Platens, a3 wall as pasle 
solenoids or broken springs. We recommend and rubber parts are always replaced. Ош 
your seaing them at nur giant Апл Arbar warranty i$ limiled 10 replacing any detective 
warehouse store before you purchase. in- parts for a period of 90 days following receipl 


O $695 Refurbished 


vision 7, the revision 7 processor can 
figure out that it has been passed an 
obsolete structure and call the revision 3 
processor Lo sort oul the mess. 

Don't begrudge the space used by ап 
obsoleted field: Far too often a pro- 
grammer will remove a data field which 
was made obsolete, thus moving all 
subsequent fields out of their previous 
positions. This misguided altempt to 
canserve space has the effect that the 
positions of fields whose meanings did 
not change are constantly shuffled from 
revision to revision, resulting in confusion 
to programmers and needless complexity 
in programming. 

If instead of removing the obsolete 

field, the field is merely ignored, the 
current revision program would find 
data in expected places and perhaps 
process nearly ail of the structure before 
having to invoke some sort of routine to 
process the obsolete fields. This tech- 
nique involves less execution space than 
having to roll in an entire program lo 
process the obsolete data when the cur- 
rent revision finds all Fields misplaced. 
Additionally, this technique implies that 
the newer format specification is always 
at least as long as the older format. This 
means that when an earlier revision must 
be invoked by the current one, all data 
which the older revision program needs 
has already been fetched by the newer 
revision program, which simplifies para- 
meter passing. 
Wait at least one major reviston of your 
system before redefining an obsoleted 
field for another purpose. This gives 
you time to change your mind if it 
turns out that the field in question 
really is necessary after all. 


cludes used nbbon & typeball At (his price 


there is no warranty. However, they may be 
returned within 3 days of receipt for a іші 
refund Applies to prepaid orders only 
Purchaser is responsible for freight both 
ways. 


“Selectric is a trademark of tha IBM Corporatian 


15 Please send me all dems checked above Add 


4% ior lax if Mich. resident. Е.0.6. Ann 
Arbor, Mich.* Total enclosed $ 

Send check, птопеу order or Bank charge card 
number (include all raised letters & numbers. 


Го Please send me more inlarmation. 


Of equipment Includes a new ribbon and 
typeball. 


T Optional documentation package $30. 


includes schematics, operalors and 
lunclional specibcatinns manuals. 


Address 
Cay. State, Zip 


Signature 
“You will be nothed af freight charges poor to 


Shipment 
@ 


NCE/CompuMart 


1250 North Main Street, Department BY 28 
P.O. Box 8610 Ann Arbor, Michigan 48107 
| 994-4445 
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If all of the above rules are followed 
rigorously, you should never again have 
to translate or reformat files and recompile 
programs when you make a change to the 
operating system of your machine. If all 
of the above sounds suspiciously like 
another of those save the world software 
standards, I'm sorry; | guess the disease must 
be contagious! m 


Technical Fortin. is a feature intended 
as an interactive dialog an the technology of 
personal computing. The subject matier is 
open-ended, and the intent is to foster dis- 
cussion and communication among readers 
of BYTE. We ask tha! aff correspondents 
supply their lul! names and addresses to be 
printed with their commentaries, We afso 
ask that correspondents supply iheir dele- 
phone numbers, which will be printed uniess 
we are explicitly asked to omit them. 
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* 110VAC Primaries 253878 110V 300ma | [Isolation $1.19 
IN4000 Epoxy Rectifiers “Jin DIP SWITCHES 
* Minifiorel UL ed On T vie ea BUY ONE AT SALE PRICE, 
* 1.5 Amp? ы ». 2ND FOR ONLY p^ MONE? 
Cat. Me, Type Ha. PIY Sale 16€ Sale Switches Each 2 Р 
152377 IN4D01 50 10199.65 20 (ога “Missa a S37 $78 
252378 1N4002 100 itfor .75 20 for .76 25 3669 з .89 
35923789 1N4003 200 10 їог .B& 20 fer .Ш8 253021 4 
242380 1N4004 400 10 Гог .98 20 for 1.00 s 
250381 1N4003 800 10 for 1,29 20 tor 1.30 e 
352482 1M4008 BOG 10 for1.39 20 for 1.40 7 


2-Amp Epoxy Bridge Rectifiers V Sale | 
PENNY SALE. RUY ONE _ PIV Sele Each 2 for 


MICROPROCESSORS! 
MEMORIES; anon Г 


AY SALE PRICE, GET n EG sap 4.80 B 
ZND FOR ONLY 1¢ MORE 200 79 2 SUPPORT! 2 Hy 14.95 
+ Full Wavel « TO-B caseUP] 400 -BB -90 $ Order my Cat, Ме. B Hor 
Order by Cat, No. 2512348 800 1.19 1:29 253459 А Type Ne. б 
1000 1.2% 1.30 


amd PIY 


3/8" $4. POTENTIOMETERS 
253843 15 4. uprirht. ура 64 PENNY SALE! 
253684 28 Tura fiat, type $4 SPEC oL 


253864 Single turn fat, type 63 H 
Ye" square. Screwdr ort MINN Y-TRIM S" 


shalt, 20% tolerance, 709 
Cnoose any айы 


watt, Cermet солесип, 
| PCsleads. Order by Cet. No. 2 for 700 g 
5.89 H 


: 


TITLE 


чө abi fi u чурат 
*Aval * in all ty 
esAvalisbla In Cat. Мо. 253843 оагу. 
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Ist Time Offered? It's Different? 


SUPER ECONO KITS 


itta келуг АЛ 
BUY 10 KITS & 


ONLY $1. 98: CHOOSE 11TH FREE! 


"£441 bya 
* MONEY BACK GUARANTEE * AVG WT. 6 OZS. 


Quantity Description (Order by Cat. Na., see parenthesis) Sale 
O 10—CALCULATOR KEYBOARDS, up to 20 keyn (2519524) .................$1.®® 


О 8—LINE CORDS, x-ft. 1х. twin gla wire, plug (253BAS) 5л оик 1.®@ 

O 30—NEON LAMPS, NE-2 »tyle, red glow, fends (252613) 0... onse. ABB 

[3 3—1702A ROMS, fnetory fallouts, bobby, useable (253729) ... cerra 1.06 | 

Г) 40.FT SHICLO CABLE, 1-cond n-shield, £22 wire, vinyl jack (2521 TT) „жазу кав LBE | 

(7 50—TRANSISTOR ELECTRO'S, аза! values, моге», axinln Nr ve ovens 0.08 

Li 3——SOUNOD TRIGGERS, handclnp trigkers scr, w/amp (293628) , * s. dnm 

О 8—-tC SOCKETS, incl. 4-14’. and 14'&, low prot (253821) s. assa „+з. LAB | 

Г] 1s—6v TEST INDICATORS, Ap +- Rraln vhent (251528) ers nn s ns Ў ГІ 

C 3—GLOW'N PANELS, 1“ mc, minty ark, green {253030 e» 1.88 

О 400 PARTS ON A BO e Euer ича on p.c, honrds (283401) ... seuss LOB 

O 150—METAL FILM RESISTORS, 14 watta, coded, leads (2534 3) sacos, 1.08 

D 15—JUMBO “LEOS” RED, prime, 154 (283369) one yee aces Д | 

(7 30—MINI TRIM POTS, t» | meg. г (2$3348) ... ween. LO 

Г) 10—VOLTAQE REGULATORS, TO-: 109k etc. hubby (253330) ss... 1.08 

LI JO—PANEL SWITCHES, rntaries, slide, mod, 11nvae, ete. (253268) s». PB 

0 200.PC. RESISTOR SPECIAL, 14 to 2W, metal, curhon 1253054) ... ics 1,98 

Г] 40—AXIAL ELECTRO'S, пе» values та 100 mf, volts (253227) .,,.. vivo 298 

[]40—UPRIGHT KLECTRO'S, алы sulta, values ta 110га (253226)... es, 1.96 | 

C) 150—MOLEX SOCKETS, pins fit all icis; most рори (253144) ..,,.., sin, 108 

О 100—TERMINAL STRIPS, tie, to M lugs, for solilez (253136) .. s sea eoru. 1,96 

[3 15—SL!DE CONTROLS, илм values, «ol, icble, bass, cic. (2930571 1... eo. 198 

O 10-—PHOTO ELECTRIC CELLS, CHS pancake styles, anst (253052) .,...,..., .. 1.98 

[i 200—HALF WATTERS, colat coded, rarbun, prec, metal (253046) ... 1.98 

{) 100—NATIONAL IC BONANZA, lineara, 7400" «, rumx, cluck», unteatad (252860) . «4, 1,98 

Г] 40—HOBBY LEDS, «x«t shapes, red, untested month: üuseable (252889) .. ...,. 1.98 

Г] 15—uLM340T VOLTAGE RECS by, uxenhble ^ te 24V, TO-220 (282835) ...... 1.08 

C 100—CAPACITOR SPECIAL, poly dips, mulded, mica, discs (282735) ,.7.... 1.08 

Lj 100—TWO WATTERS, carhen, metal, prec, etc, marked, teada (282735) .,.,.,. 1.98 

{1 100—POLYSTYRENE CAPS, asst vales, soltages, hi-Q (2827293 52... 5s 208 

O 30—SLIDE SWITCHES, «pst to dpdt, many types (252726) .., аа... 20 

Q 15—NPN POWER TRANSISTORS, TO-3 2N n rejects, unenhle 1252617) eoa NAE 

(3 200—PRE-FORMED RESISTORS, "ente -ended, pic. work, inst vnlucs (262609) ,,. 2.88 

O 100—PLASTIC ce mate TO- 2, gest vnlurs, mostly useable (252804) .. 1.98 

Г} 1090—DISC CAPS, npa'« , long kendn (252598) atm лека 1.98 
$0—DIPPED MYLAR CAPS, hr values & voltages, finest 1352597) °.,.,....... 1.98 
200— PRECISION RESISTORS, 1':, La tn 2. marked, Jenda (252428) ......... 1.98 

O 3O—-VOLUME CONTROLS, ringile, doubles, Anat кан eniues (252421 ...,....,, 1.98 

O 180—- SWITCHING DIODES, N4148, most pop'lIr, mostly cond (252428) ....... 1.98 | 

Г] 75-—SN7400 IC's, marked, mostly useable, wie nant af SNf'n (252415) ...,.., $06 

(11100—1N4000 RECTIFIERS, | ump, sil, mont pop, nant, таку good (252317) .,. 1.98 


“KIT KING’ $1.19 KITS - "The Econo’s” 
BUY 5 KITS — CHOOSE THE 6TH FREE! MONEY BACK GUARANTEE! 


Quantity Description (Order by Cat. Na., seo paranthaaía) Sale 
[E] J0- RADIO- N-TV KNOBS, nant nizes, culora, аһарех (25217},... Do -$1.10 
Lj 10—PRS PHONO PLUGS-N-JACKS, КСЛ Mle, 10 pluga, 10 jacks (2238. 402) ++, 1.19 
D 38—0!PPED SILVER MICA CAPS, includes rect type» Loo, anel (25485) ,.....,.. 1.19 
O 785 —PREFORMED DISC CAPS, for p.c. Une, nast sulues, ор to 2KV (2512189) ,,., 1.19 
g TOTE. 2's WITH RESISTOR, fur IlOvnc unc, neon, wads (254222) ...... 1.19 
B 12—TO.5 HEAT SINKS, for TU-5 metal & plastic 1гапма1ога, fin ts pe (251832) . o, 1.48 

12—TRANSISTOR SOCKETS, nsat ntylen fur МЕХ n РМР types {2$1905) 2222, 1418 


[J 20—THERMISTORS, n resistor that ске» with temp, protecta! 
QO 30— WIRE NUTS, nvs, 2 


\ Low Power ICs t| choose any site eS 
M Order By Cat. Mo.'253687 А Type No. ` OUR $25» SURPH A Р M, PLUS 
[| Type Sale Type — Sae || AK FREE 
7415132 1.19 y 
N 74051368 1.24 
[| 7415139 1.24 { 
7445181 1.28 
V0 7445153 1.28 N 
[| 7415155 1.25 [| 
н 7405160 1.47 
М 7415161 1.47 N 
7445162 1.47 
4 7405163 1.47 q 
Ñ 7415168 1.68 \ 
7415169 1.68 
L| 741$173 1.68 [| 
7415174 1.05 
N 7T4tS390 177 \ 
\ 7415191 17% À 
74L5192 1.78 
мч 7405193 1.78 « 
7415198 1.25 
[| ri 7445197 1.25 [ 
N 7405257 1.35 ү 
7415268 .54 
\ 7415366 88 ( 
7415368 — .62 
^ 7415114 7415390 2.95 ‘ 


Send for your FREE 
POLY PAKS CATALOG 
FEATURING THE WORLD'S 


BEST BARGAINS 
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C- MOS Order By CaL Mo. 
1252320 & Type No. 
Type 

co4000 
с04001 
CcpDaoo2 
сраоовп 
CD4007 
co4008 
cD4oon 
Cco4o10 
CD4011 
cb4012 
CD4013 
Со401Б 
CD4016 
CD4017 
с04018 
с04019 
соло20 
C04021 
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Photo 1: Entrance to the New York Coliseum Personal Computer Expo 
Show. Gulf and Western building is to the right. 


Photo 2: A young computer fan attempts to hit the enemy ship in Apple 
Computer's Star Wars game at the Computer Mart of NY booth. 


Photo 3: Some of the 14,000 people who saw the show. 


ШШЩЩ 
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New York's Coliseum, the location of 
many IEEE, AFIPS (NCC) and other tech- 
nical shows over the years, played host to 
the first annual Personal Computer Expo last 
October 28, 29 and 30. Over 80 exhibitors 
were on hand at 150 booths, selling every- 
thing from resistors to complete computer 
systems with floppy disks and color 
graphics. 

The exhibition floor filled rapidly on 
Friday morning. Many of the people I spoke 
to said the show was their first exposure to 
personal computing. Visitors flocked to the 
more spectacular exhibits like the Digital 
Group's talking computer and Heathkit's 
Star Wars game, or tried their skill at pro- 
gramming the new appliance computers, 
such as the Commodore PET and the Radio 
Shack TRS-80. 

At the MITS booth, the emphasis was on 
business software. The business men and 
women who attended the show were able to 
choose from a number of sophisticated 
systems on view at MITS and other booths. 


Some of the Highlights 


Summagraphics featured an interesting 
device called the Bit Pad, apparently the first 
of its kind in the personal computing 
market. The Bit Pad is a digitizing tablet 
complete with stylus that allows you to 
quickly enter drawings or writing into a 
computer. For the floppy disk enthusiasts, 
Alpha Micro Systems displayed their 
AM-400 hard surface disk; more floppies 
were on hand at Per Sci and Realistic Con- 
trols. Ohio Scientific showed their Chal- 
lenger II, а most unusual computer that 
contains three processors: the 6502A, 6800 
and Z-80. 

A nonprofit organization called Com- 
puters for the Handicapped was represented 
by Warren Dunning (5939 Woodbine Av, 
Philadelphia PA 19131) and Richard Moberg 
(404 South Quince St, Philadelphia PA 
19147). The purpose of the group is to bea 
clearinghouse of information regarding the 
use of computers to help the handicapped. 
The goal is to get the people with the 
ideas and needs together with the people 
with the computer know-how so that 
development of these systems can begin. 


А Record Crowd 


By Sunday evening, over 14,000 people 
had attended the Expo, making it the 
biggest personal computing show ever, and 
giving added impetus to this young and 
growing field.m 


New York 
Notes 


by Chris Morgan, Editor 


Photos by Fritz Wetherbee 


Photo 5: Alpha Micro Sys- 
tem's hard surface disk, 
one of the most sophis- 
ticated devices at the 
show. 
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Photo 6: Ап array of new 
and used equipment 
offered by the Computer 
Warehouse Store (of 
Boston). 
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Post Office Вох 3097 B ә Torrance, California 90503 


Point Bn Gale Ecectronic ENTERTAINMENT CENTER 
Tennis -Handball 
$ 17950 Hockey-Smash Now бот Talstype, the Model 
C | | IT] P U 1 E n P fctlonpached cei entertainment for [| nsraciers por ine Seed andvecelva 
гай me the whole family Adjustable skill Tevol dota st Tor 30 char. per second Kay- 


conira allow players 07 211 ages 1o eom 
pete in tennit, Hacker ЫЕ handball Hoard generates ali 128 ASCH coda combina- 


This four game entortoinment center Hons, AS-232 interlace, some as ihe popular 


м Model 33, Dala sheol dont upon request Manulac- 
ea Ground Ar talavimon into а video play D furor suggested pico $1377.00. 


On screen coring, eo acon sound and IMMEDIATE DELIVERY $1199 
Inet component calor makes Ihis video Ma ulao hare tor Hrnited \їтү of озак! Model 35° кацвлт»»а 
Color 524 88 center an excellent buy at only $24 58 Priced al polen rette quand е E 

Complets with antenna box and AC adaptar. 


BARREL STOCK.. REGULATED 
HManulaciured by TRW Data Systems lor jhe fasi load Indusity. Designed for error-free 


data entry The operator simply blackens the appropnate бох on а mark sense card бое Eon Uc ые LUE HN £ | — 

and ingerts wu into iha form reader The CPU searches internal programabie drum dba Powar Darlingtons, TO:3 к= Delivers 5 volts а! В Amperes 

memory lar unit price and exiends i! by quantity, displaying tha customer's grand ‹ 293055 & 2N3772 NPN power trans. ~ along with three olher regu- 

total on the LEG module. 0, - General Purpose 70:92 Transislors lated outputs. 

Memory system is capable of retaining over 40 register Hama. Accumulatad dala may өю ЕРТ ОЛ Signal Hodes TA | Thie usod supply ig sola vas 

ba pulled by a master computer, : М 3," bul wa 8 not thal hia 

This pomi of sale computer makes a supor mark sense dala terminal. The TRW 133618 B GENERAL INSTRUMENT ASCII Keyboard Encoder А |] ig the best buy you'll aver see $4950 
shipped complete with cablos and sali.caniainad › 5 5 412v. power supply. AY 5.9600 Pane bul house marked only $4.95 ; r In a regulated power Supply Used 

Brand naw in factory cartons. Original созі $7,000. Weigh! 100 Iks.. shipped treight Ji E 75 Ibs.. Schamalics included. 
collact. Compiate documentation nol secured at press tima. d 7 


CONNECTORS [Ее NT ; Quiet Buss ИШ 
2 85-232 <a "m" S-100 MOTHER MANUAL GRAPHITE 


DB25P e c SEV. A. The Quiet Buss from Carlloria Ihdustrial is : 
male plug & hood | ace SPIN ү LINIVAC рше Nu mot bania Ane ean DISPLAY GENERATOR 
i 
тб 39 5 S100 9 GOLDPLATED ж 125" CENTERS KEYE QA AD той irom erita haer РАА opony glass [pedes Mader octuvology har pronenced Ihe нч ртт! zA Tho 


" 2 билсе double thickness copper iaces. Purchase Un chat proh Our Metu Graphie Тима 
Allar 140row solderiad., 55.98 37516.90 The Талэруў Spiery Шлак 1140 nihil bey bowed xteambly hi бына! 
* Я 5 boa "= fas te Карары of аса ine бий appar ШМ 
тї unm milage Зана Сания Indusiral toe only Kaaa | 10145 board along wilh ihe power supply kit balow ASCH ael Sell conl nid cone 
The орга} ta siena marma sind rabat 


Бооз шти | fant шч] 1а koc Ie CE 84 


Shipped Freight Collect 


Imsai 250 row, saldertall , , $4.98 3/$13.00 Tha odii] compules ры! dere lr accountatta and and you have (he slart ol a super Mtcro-Systam 


E Co DB25S famale 3 Lovel Wire Wrap 250 row. ,. $4.98 3313.00 Тепе пытат, kay Lb Qn Ihe Юа? 
СИД) 


ig M Tow preschbua 
5395 SPECIALS Нит! айе reo mandel manere dain eni Try stando da e КӨН by Сайн мец ЊАР Orem fe wifi 
t WAN same as abova without ears$3.50 31519 | Они сон wax PIM uina tub напе чл coller 18 ели 


72 {йдча 36) АЛУУ 156" cenlars.. $2.50 asg | "sna" Computes mam documentation 


498 9 Certified Digital STICK intal TW 
M ud Scotch CASSETTES |??"" 54,50 TEXAS s a as "| R.F. MoouLator 


Wont drop a ВІТ! 450ns 


1550 . 
Diskerres — #5: саго Я M» * 3 $ 05 
Please specify ' sola 51000 E 


rmi 


IBM 3749 seres Authorized Ta а Nun. Cows TN. potenti Converis signal from APPLE [I 


or. Dealer of RI E R TIF} and other vidia sources into TV 
MTM Scotch Brand | ine anais ot the ano. Farc] tar avion 8 UV Erasable "us M. gs Vrequency. Complete with direc- 


A, Dala Products Tames. ued Mina and Ikwo Conltolier MEMORY 880-1 27Amp. 12.95 Hans and metal case. Assembled 


21.02 


LOW POWER 


m" 


@ 051. switch 
Power SuPPLYKiT К М So Switch | Switcnes 


, Рес! lor ТҮ games, alarni $139 4 =, 
ideal supply tor 8-100 yslams. Con , Р? "ч yh n hin 1: hd o Е T 
laina all Iha necessary componenta r Er a ms dA 


те produce 5 volts @ 10А, £12 А NE eus 
254. tcfte Kanen + E 5'HiFidelity 1298 11.15 89 ri m i 


lus trom Memoar Corpor Ё х ч 
К шага 117 js жайна d TRIMMER CAPACITORS $. 98 $88 .81.73.56 


diodas, six compuler grde socio: : i POÜTEHTIOMETERS 

hyfics, chasse, circuli breaker and N, | 2K SK 10K 50 SPDT Miniature Toggles 

grounded power cad. Translormar | K K ELECTROLYTICS | TIOL CARN ON-NOWE-ON 
has 5 output windings y 7107 jbt ON-OFF imnl.On) 
include $9.00 shipping Essi of ine ма" 55.5.98 — tà. 19 59 | 7106 CK. ОН: тотеп. ON? 
Mississippi; $4.00 for Cait., sit other , $0060/10v. 395 349 295 | Rocker JBT DPDT 


States $7 00 $2488 20 50 100 4500/50v.5149 135 [9] Rotary ms pas- 
——————— 75-P05. 
Plus Shipping 16: 14: 12: наа AG Push B (NO) S.39ea. 3/51 


RELAYS Adise $12.09 07 DIP Switch 


„018 06 . 10 25 100 
6 vdc,10mÀ 5129 SPDT MINIATURE мок зба a $163 152 129 


dc, 1.4 A. 5.50 10 25 100 
de 1SmA, 119 5139,, 5115 104 45 


Coil 12 Volt dc. 
7 Amp Contacts 
P. C. Board Mount 
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DISCOUNT 


Transistors = M 

жа, 10 5D 100 г. Wire Wrap Le (eater 

.20 .18 .16 .15 А NN $ 

.89 .65.59,55 SN Ic SOCKETS E 

79 .75 68.55 Wire wrap [ow profile 

duty grounded р 

159 143 1,9 125 12wct. 175mA. power cord and mating en. 25 $9 вк 15 50 

AS .11 09.07 TRANSFORMER chassis connectors, 1% 16 15 

‚15 11.09.07 37: 36 35 18 17 16 
es 38 37 38 19 18 17 
10 25 100 


194002 100%. 089 06.05 99 93 85 36 35 34 

194005 600..10.08.07 10 169 155 139 63 60 58 

uap ni in . КУМАР Б 

2114/4045. 1K by 4 STATIC Memory | Fac E M S te s00 1,009 11,000 S545 
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COMPUTER ENGINEERING 


THE MIDNIGHT SPECIAL... 
...a full color limited edition poster for your Casey 
Jones fantasies. 


The poster is 16% by 21% inches (41.9 by 54.6 cm) with 
a white border. The colors are the same as the original 
by Robert Tinney, which graces our July cover, minus 
the BYTE logo. The price is $3.00, plus 50€ postage. It 
is shipped unfolded, in a mailing tube. 


ORDER NOW. SUPPLIES ARE 
LIMITED. 


| BITS Inc i 
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ESAT-1 00 ‹ LINEAR VERBATIM Removable Magnetic Storage Media 
Economical Stand Alone Terminal LM380N 1.39 PRICE REDUCTION! , 


Assembled, Tested, Burned-In........$239.00 LM340T 5,12,15 Minidiskettes 1-9 10.25 26-100 


Fm) Teletype SCMP Jolt Kum SAC BO thers A reliable, mex 99 479 4.65 4.45 


penuwe, seli сапе Communicating Temna, completely МЕ560 2.95 
aviembled, burnedan, and tested 5239 00 Z NE561 2.95 MD525-01 [Soft Sector) for: Intelligent Systems, 


SPECS 32 character & 16 Trey x 2 pages ol 5 x 7 dot matris Ба E E р 
tharacter ASCH enmmunicating eth а sera, asynchronous 31 NE565 1.95 Magnovox, Microkit, and Vector Graphics 


тыр Tre лыы гео 30016 ен dpa ; МЕ566 1.49 MD525-10 (10 Sector, Hard) for: Digi-log, North Star, 
ntrols are back gad foward space, tine feed, clear page, о! to р " 
end nl tine «elect page | or 2, dull half а" "iex, local remote, NE567 1.49 Polymorphic, Tei Inc., and Wang 


tur» йт, odd/mwen па рану Оци to TY Monitor it i] кф. LM1812 4.95 MD525-16 (16 Sector, Hard) for: Altair, Comtek, 
Compoute Video 75 Onm Keyboard. eequ eed is parallel out у А eu 
pur 7 unn. ASCH with negate true мг; Keyboard may тар LM 1889 4.95 Micropolis, R2E, Realistic Controls, 


up to 200 Mo fram the ESAT 100 or board 5V power supply CPU SPECIALS and Teleray- Research Inc. 
Power required n ТОМАС @ 7 wat 1 S dard Si 

COMMENTARY t this мего (0 1 221 the ESAT 100 n the 8080A 10.95 e ar ize 1.9 10-25 26-100 
only Sand Апае Temora! bourd rei only back and - { 
his TY set and asen Keyboard You de vol have 10 have 280 (2H) incl. Diskettes 5.99 5.33 4.79 


a B100 Bus Mahin, ov ever а computer May ba used in con 18mHz Xtal 33.95 FD34-1000 (Soft Sector, IBM Std.) 


h à Ма» hi T , 
inilio kaise te = 280А (4mH2) incl. FD32-1000 (нага Sector, Inner dia.) 


None, rommer! terminal p 41 80 E x 23 tie fo: ; 36mHz Xtal 39.95 FD65-1000 (Hard Sector, Outer dia.) 
ты! However hàve choyen charach 16 ones Foe tele - 
yuon vel apphcations because ol the limited realuhion avatabie te OPTOCOUPLERS Cassettes 19 10-25 26-100 
пө тым TV qe a 

Nonethiless Tor those af you who are the owners of mthe я 4N26 1.00 R-300 
Tigh ци! ү viden базы} or Ihe best of Japan s T V receivers, PROMS Digital Direct 5.25 4.99 4.35 


we offer Ihe 


Scrollboerd Adopter Kot [dasgrmd to lt on ESAT 100) wih 64 t : 

татан ` 16 nie ana Piel Serling Раг 529 95 CAP. SPECIAL à 8223 Special 10/9.95 RAMS and OTHERS 

MBAR Superriod А F Modulator for antem connection with — The Highest Quality, 8251158 x 512 15.95 

your TV sel. Auos off of ESAT 100 power supply colar and By-pass anywhere: EPROMS 21102-1 45005 1.25 AYS-1013 4.95 

black & wivte Гос 524 85 VKO6 0.1/100v for $0.29 21402 250nS 1.50 | MM5369 1.69 
2708 65005 12.95  3111AL д 450nS 2.30 MM5320 6.00 


Full Color TV Game Kit: 2708 450n$ 16.95  c3107B $0nS 1.99 2513 Up. 5.95 
Includes MM57100 Game Chip, MM53104 Clock Gen., LM1889 N Color C1702A 3000n5 4.95 po0411D-4 135nS 3.99 2513 Lo. 6.95 


Modulator, 3.58 MHz color burst oscillator crystal, variable cap for crystal MM5203 
adj and PC board Vary impressive on color sets. All data sheets and 52030 1N4005 1171.00 


4.95 
schematics included... $25.95 д мм5204а 9.95 144148 1571.00 
Direct Reading Capacitance Meter Kit: 8K Static Memory Boards CC О 


Here is à handy shop item incorporating a reliable and accurate mea Tested, Burned-in, Complete 


surement method which works from Q1 pico + d to 10 micro + d. Includes $179.00 for 450nS POB 6721 
large 6" scale analog meter movement, all electronice parts and full docu $239.00 for 250nS А 


mentation and theory of operation. Requires SV and +-12У power Makes 18.00 for Bare Board 

accurate readings directly and ДОДА, Мо tuning, fiddling or interpola Stanford CA 94305 
tion required, Fuli documentation and theory... x re r] 

5V Regulated Power Supply Kit: MERKEN AUSTAS E 

Provides regulated 5V © approx. 250 ma for benchwork, breadboards and 415-321-5601 SATISFACTION 

small! projects. Includes LM340T-5 ааай rectifiers, filter caps, and 100% GUARANTEED! 
Niced B transformer. Full notes...36.9 TO ORDER: 

Nicad Batteries and Charger: Send check or money order and include $1.00 for shipping, 1.00 (on 


2 ва 2AH 'C' size Nicads (great for memory power-fail CK TS, cold wea- tional) for insurance, and please include 64% sales tax if you ага n 
ther flashlights, etc. and charger...$13.95 California state residant. COD orders add .85 Thank you. 
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Text Handling Terminal Features 
Automatic Justification 


The Delta 4300E, а new video 
display terminal designed for text 
processing applications, features auto- 
matic word wrap, automatic ragged right 
sentence and paragraph justification, and 
automatic justification of new insertions. 

Editing features include searching for 
a specific word or word string, and op- 
tionally deleting or replacing the string 
found with a new word or word string. 
Text is stored in a 4 K character 
memory, expandable to 8.5 K. The 
display presents a full 128 upper and 
lower case character set in 25 lines of 
80 characters each, Automatic scrolling 
is provided, and a "paging" feature 
permits recall af information that has 
been scrolled off the screen. Communi- 
cation speeds up to 9600 bps are avail- 
able, and a seria] printer port can be 
added as an option. The 4300E is 
offered by Delta Data Systems Corp, 
Woodhaven Industrial Park, Cornwells 
Heights PA 19020, (215) 639-9400," 


Circte 616 on inquiry card. 


Time and Date Board for L51-11 
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This battery operated accessory 
board provides calendar and reat time 
clock functions for the LSI-11 or 
PDP-11 computer. The TCU-5$0 board 
for the LSI-11 provides the month and 
day, and the time in hours, minutes 
and seconds in response to a read 
instruction. The TCU-100, for the 
PDP-11, also includes an interrupt 
feature which can be set to interrupt 
the system at a specific time or at 
reguiar intervals. The rechargeable 
batteries are good for three months 
of use. The units are shipped running 
and preset to the correct date and local 
time at the customer's location. The 
TCU-50 is $325, and the TCU-100 is 
$495 in single quantites, from Digital 
Pathways Inc, 4151 Middlefield Rd, 
Palo Alto CA 94306, (415) 493.5544, 


Cucle 617 on inquiry card. 


Daisy wheel Printer Takes 
Byte Sized Commands 


182 


Interfacing a daisywheel! printer ta a 
microcomputer is simplified with this 
new OEM model, which takes fts 
commands in serial or parallel byte 
format instead of the 13 bit format 
of prior mechanisms. The Sprint Micro 5 
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includes a built-in microprocessor with a 
set of 58 commands, which can be used 
to define format and character spacing, 
hammer intensity, ribbon color, vertical 
and horizontal tabs, and select normal, 
program or graphics modes. The optional 
RS232C interface, which includes a 
224 character buffer, allows the printer 
to receive parallel and serial data from 
two sources simultaneously, For ter- 
minal builders, a send receive cover and 
plug-in facilities for a keyboard are 
offered. The control panel includes 
11 switch selectable functions, such as 
full or half duplex, data rate, form 
length, and 10 or 12 pitch spacing. 
The Sprint Micro 5 is available in two 
models, with printing speeds of 45 or 
55 characters per second. The 45 cps 
model is priced at $1675 in quantities 
of 50, and the optional RS232C inter- 
face is $100 from Qume Corporation, 
2323 Industrial Pky W, Hayward СА 
94545, (415) 783-6100. 


Circle 616 on mquiry card. 


Cassette Recorder Meets ANSI, 
ECMA Standards 


This new compact, lightweight digital 
cassette recorder can be used with any 
ECMA-34 compatible reader, minicom- 
puter or terminal as well as ANSI com- 
patible devices such as the Texas Instru- 
ments Silent 700, The Mode) 819-34 
measures 4,5 by 4 by 7 inches (11.4 
by 10.2 by 17.8 cm}, weighs 3 pounds 
{1.4 kg) and requires 500 mW while 
running or 20 UW in standby mode. 
The unit features parallel input of up 
to 32 bits, a data rate of 50 bits per 
second and a formatted capacity of 
1 million bits. Analog to digital and 
16 channel multiplexer cards may be 
added to the unit's card cage. The 
Model 819-34 is $995 from Memodyne 
Corporation, 385 Elliot St, Newton 
Upper Falls MA 02164, (617] 527- 
6600.8 


Circle 618 an inquiry card. 


Credit Card Magnetic Stripe Reader 


This device reads or writes infar- 
mation on the magnetic stripes of 
credit cards conforming to the Inter- 
national Standards Organization (150) 
and American National Standards 
Institute (ANSI) conventions. The 
magnetic head travels along a precision 
lead screw running in ball bearings to 
read or write on the stripe, and a spring 
loaded design minimizes card wear 
and provides optimum signal output. 
The ANS| standard provides for re- 
cording of up to 600 bits per track, but 
an improved design, for which patents 
are being sought, is capable of reading 
and writing up to 1024 8 bit bytes on 
the stripe. Interfacing options include 
TTL clock and data levels, buffered 
RS232 signals and a direct micropro- 
cessor bidirectional bus interface. Prices 
start at $296 for the reader mechanism 
with TTL interface in single quantities, 
from Verte! Industries, 167 Worcester 
St, Wellesley Hills MA 02181, (617) 
235-2330.8 


Circte 619 on inquiry card. 


(© certon BOARDS 


МВ-1 MK-3 Computer RAM, (not 5-100), 4KXB, uses 2102 
type AAMs, РСВО опу , aie ese cy a” AR 
MB-3 1702A EROM Board, 4KXB, 5-100. switchable ad- 


WINE ipe МАМЕСО INC. 


MEM-1 ВКХ fully bulfered, 5-100, uses 2102 type rams 
Mother Board 12 siot, terminated, S-100, board осу$35 


CPU-1 BO80A Processor board 5-100 йй 8 level vector 
interrupt PCBD $30 


Circle 76 on inquiry card. 


74L00 
7áLO1 
7T4L02 
74L03 
TALO4 


74L500 1101 1.25 
741.501 1103 1.25 
74.502 2101 4.50 
74.804 2111-1 375 
74.504 2112 4.50 
T4LOS 74L805 2602 160 
745086 А 74LS08 40021 750 
тада : 751510 4002-2 750 


?4ALOS ; TALS12 ММ5262 100 
?4L10 : TALS20 7489 2400 
74120 Р 741522 74200 495 
74L26 . 741527 7áC8o 300 
74139 5 TALS30 825056 2,00 
741.32 i 741.537 82507 200 
74142 741538 82817 2.00 
74L51 ; 741.542 8223 2.50 
74L54 141551 82523 300 
741.55 74.554 825123 300 
74171 741555 825126 350 
TAL?3 74LS73 825129 350 
741.74 741574 825130 3.95 
74175 74.576 825131 395 
741.78 74.5151 IM5600 250 
741.85 74158174 !М5б10 250 
741.86 7405175 IMS603 300 
74189 745192 I5604 3.50 
74.90 25018 M5623 300 
741.91 25028 IM5624 350 
741.93 2507V MMIG330 250 
74.95 2510A DMBST3 4.50 
74L98 2517V DMB574 550 
74L123 25198 DMB575 4350 
74L164 2532B DMB576 450 
741.185 2533V DM8577 350 
741192 ОМВ131 DM8578 400 
74L193 N8263 2 4576 MHZ 
MHOO26 MC1489 XTAL 720 
MC1488 150 DMBB37 


10% discount on 10 or more al WAMECO FCBD in any 
combination. 

NEW! All [C's Sockets & hardware for WAMECO CPU-1 
include all рите Есма. 8214, 8224, 8212. РЕВО nol m- 
cluded s , . $65 


All ICs, sockets & hardware lor WAMECO MEM-1 lieing 
prime 2102AL-4's PCBD not included Order PCBD sepa- 
rately $135 
Speciel 2102AL-4 1K x 1 ram Уз less power than 21L02 
type rams, wilh power down, primae from NEC. Ea. 2 00; 32 
ва 1.80: 64 ea 1.70: 128 ea. 1.60: 256 ва. 1 50. 


90804 AMD 80804 (Prime) 
8212/748412 Prime 

8214 Prime 

8216 Pnrne 

8224 Pnme 

8228 Pome 

8251 Рите 

8255 Pnme 

1702A-6 AMD 402A Pnme 
TMS-&011 UART Prime 
2513 Char Gen Upper Prime 
2513 Char Gan Lower Prime 
17024 Intel Nol Prime 


МІК 5 


419 Portofino Drive 
San Carlos, California 94070 
Please send lor IC, Xistor 
and Computer parts list. 


dress and wait cycles, kit less PROMS 565 
MB-4 Basic 4KXB ram, uses 2102 lype rams, may be ex- 
panded to 8KXB with ‚ Piggybackıng, 5-100 buss. PC 
board. . . $30 
MB-6 Basic akxa ram uses 2192 type rams, memory pro- 

lect in 256 10 BK switchable S-100 buss PCBD $35 
MB-7 16КХ8. Static RAM uses P410 Projection, fully buf- 
lered 

PCSO 


$30.00 KIT.. $525.00 


MB-8 2708 EROM board, S-100, one 16KX8 kil without 
PROMS . ЖОЛ 2 , 585 
МВ-9 4KX8 RAM/PROM Board uses 2112 RAMS or 
828129 PROM kil without RAMs ог PROMS я $80 
10-2 5-100, 8 bit parallel (Ороп, %4of board is l'or pice 


20 00 
4.00 
8.30 
495 
5.00 
8.90 

14.50 

14.50 
5.00 
5.95 

11.00 

5 о 


Kit, , 355 PCBO.. EUER 


Ю-4 wo serial ГО porls with ful handshaking 20/60 ma 
current loop Two parallel 7O es 

Kat $150 
VB-1 64X 15 video board, upper lower case Greek, com- 
posite and parallel adeo with soltware, S-100. 

Kit.. $150 PCBD $30 
SP-1 Music synthesizer board, S-100, computer controller 
wave loms, 9 octaves, 1V rms %% distortion, Includes 
software kil З dert s $200 
Allair Compalible Mother Board, " x 11¥2 x Va" 

Board only . $45 Wh 15 connectors 5105. 
Extender Board lull size. Board only ., , $8 
With connector... ту ani $13. 50 | 
Solid stata rnusic Cybercom braidi are high догу glass 
board with gold linger contacts. All boards are check (or 
shorts. Kits only have solder mask 90 day guarantee on 
Cybercom kits. 

Non-slectncal cosmetic rejected PCBD Irom Cybercom. 
10-2 . $21 MB-6 $21 УВ-1000. ..$25 


Check or money order only. il you arg not a regular customer and your 
order 15 large please send athe: a cashier's chack or a postal money 
order, olhenwes there will be а delay ol two weeks lor ihe check to 
clear. All tems posi paid in ће U.S. Calil. residents add 6% lax 
Money back 30 day guarantee. We cannot accept retumed iC's that 
have boan soldered lo. Prices subject to change withoul notice. $10 
minimum order. $1.00 service charge on orders leas than $19. 


THE ALPHA-1 SYSTEM V^ HARDWARE 
MRATED A BEST BUY . yb greater than 500K bytes per side of a C-60 


IN MASS STORAGE 
SYSTEMS 


* Access a file in 17 seconds average on a C-60 tape. 
Load 8K of data in less than 11 seconds (6250 baud). 
100% interchangeability of cassettes with no adjust- 
ments required or allowed. 

* Compatible with all popular S-100 Bus Microcom- 
puters. 

- * Audio track under computer control. 
* Eliminates the need for ROM/PROM monitors. 


Wf SOFTWARE 
* MCOS, a powerful stand-alone cassette operating 
system, iS operationally much simpler than a D.O.S., 
handles variable length named files, will update a 
file in place, packs or copies tapes with a single 
command. 

* EXTENDED BASIC with MCOS permits array hand- 
ling and concatenation of files, plus ali capabilities 
of MCOS. 


P^ PRICES START AT $240 

W” APPLICATIONS 

* BUSINESS applications include mailing lists, payroll, 
billing, and inventory. 

* CASSETTE BACKUP for disk-based Systems not 
only provides large amounts of storage at low cost, 
but also provides for convenient storage of histori- 
cal records. 

* DEVELOPMENT SYSTEM features include a power- 
ful operating System with an Editor, Assembler, and 
Debugger, plus a variety of System utilities which 
speed development. 

* OEM applications include P.O.S. data capture, word 
processing systems, audio-visual presentation sys- 
tems, telephone call transfer systems. 


i FREE BUYERS GUIDE 

If you are shopping for a tape or disk system for your 
$-100 Bus Computer System, you do not have all the 
facts until you have the MECA "BUYERS GUIDE TO 
MASS STORAGE." This 10 page guide book provides a 
framework for evaluating cassette, cartridge, and disk. 
based systems. Write for your copy today, 


For complete information including the Dealer nearest 
you, write or phone: 


meca 
7026 O.W.S. Road, Yucca Valley, CA 92284 
(714) 365-7686 
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Zoom and Pan with 


This Graphics Terminal 


hot 


184 


This inexpensive keyboard features 
a versatile interface which allows user 
selection of data and strobe polarity, 
parity sense, upper case alpha lock, 
and access to three user definable 
keys for custom code or function 
assignment, The Mode! 753 keyboard 
provides ASCII encoding for 53 keys 
in the standard Teletype format, 
employs KBM keyswitches for relia- 
bility and is said to be guaranteed. 
When built from a kit, estimated con- 
struction time is two hours. The Model 
753 is $59.95 in kit form or $71.25 
assembled and tested. Also available 
is a custom plastic enclosure, Model 
701 ($14.95), which is precut for 
the Model 753 keyboard. Delivery 
is from stock, from George Risk 
Industries Inc, GR! Plaza, Kimball 
NB 69145, (308) 235-4645. 


Circle 621 on inquiry card, 
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This raster scan graphics terminal 
with a built-in microprocessor performs 
a varlety of graphics operations inde- 
pendently of the computer to which 
it may be connected. The terminal 
features separate alphanumeric and 
graphics memories, with 8 K bytes of 
memory {expandable to 12 K) allotted 
to a 24 line by 80 character alpha- 
numeric display with 9 by 15 dot 
character cells, and 256 K bits of 
memory for graphics with a 360 by 
720 dot resolution. Graphics capa- 
bilities include “rubber band" line 
drawing, zoom magnification of any 
portion of the graphics memory up to 
16 times, and panning through any 
portion of the magnified display which 
is not in the viewing window. An auto- 
matic plotting feature for tabular data 
guides the operator through a simple 
menu of questions about plotting 
parameters, and then generates a 
fully labeled plot with as few as three 
keystrokes. Optional built-in cartridge 
tape drives provide up to 220 K bytes 
of local data storage. The Hewlett- 
Packard 2648A graphics display terminal 
is $5500 in single quantities, or $7100 
with cartridge tape drives, from Hewlett- 
Packard Company, 1501 Page Mill Rd, 
Palo Alto CA 94304, (415) 493-1501." 


Circie 620 on inquiry card. 


Analog Boards from Zilog 


а 


> М bes E 
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Two new analog boards have been 
added to Zilog's MCB family of Z-80 
microcomputer boards. The 280-АІВ 
board features 32 analog input channels, 
analog to digital converter gain ranges 
up to O to 10 V, amplifier gain ranges 
of i to 1000, and 12 bits of conversion 
resolution. The Z80-AIB is $575, or 
$675 with an optional DC to DC con- 
verter. The Z80-AIO board features 
32 input channels and two analog 
output channels. Output resolution 
is also 12 bits. The Z80-AIO is $775, 
or $875 with the DC to DC converter, 
from Zilog, 10460 Bubb Rd, Cupertino 
CA 95014, (408) 446-4666. 


Circle 622 on inquiry card. 


Peripheral Boards for Z-80 


This new family of peripheral and 
accessory boards for the Z-80 based 
MCB series includes the MAD-ONE 
multiple channel analog interface card 
with software programmable gains 
($595), the Model 606 programmable 
gain amplifier and filter card with dual 
channel inputs ($395), the Model 602 
Prototyping board with or without 
wire wrap pins ($75), the Model 605 
extender card ($95), and the Model 
604 card cage with eight card slots 
($210). The boards are available from 
Signal Laboratories Inc, 202 N State 
College Blvd, Orange CA 92668, (714) 
634-1533.8 


Circle 623 on inquiry card. 


Smart Terminal 


This "smart" editing terminal fea- 
tures an option for use with the 
Burroughs TD-800 series polling pro- 
tocol. The detachable keyboard gener- 
ates the full ASCII character set and has 
16 or 32 special function keys. Editing 
features include tab, back tab and 
columnar tab operations, protected 
fields, absolute cursor addressing and 
cursor position reading. The Burroughs 
polling features include specific, broad- 
cast and fast selection and multipoint 
contention mode. The D300 Teletype 
compatible version is $1645, and the 
6400 with Burroughs polling features 
is $1895, both in quantities of 25 with 
45 day dellvery, from EECO, 1441 E 
Chestnut Av, Santa Ana CA 92701, 
(714) 835-6000." 


Circle 624 on inquiry card. 
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^h YOUR BEST BUY IN WIRE WRAP SUPPLIES ж 


WIRE WRAP SOCKETS 
PRECUT WIRE ia 


WHY BUY WIRE GN ROLLS? 
PRECUT à STRIPPED WIRE IS: 


WIRE WRAP BOARDS 


WW 
14 £9 10:24 Connector 
H-PCB-1 
3662 
3682 


Buses on both sides 475 4.560 4.00 
Blank 6.25 585 650 
Витез on one side 10.50 1000 950 


© Fani- Мо more cutting & siripping by hand 
a Rallable - Good, clean, uniform strip 
* Economical - Chaapar than using bulk wire 


z Rus Beit 


ооо 


sss 888 


3682.2 
4066-4 
3719-1 


eee ЕШР BEB 


Guset on one sida 950 9.00 8.25 
Buses on both sides 13.00 12.50 
Blank A 850 800 


-— 
ба 


Pracut Wire Bulk Wire 
100 pax of 3* al $ 62 > Jwet. SON гор at $199 » бат. 
100 pea 767 а! 1.06 » 2%/М. 100 it. roii et 295 = 2€/9t. 
Уна Kit 1 as $6 96 = 2 Чг. 


LE u^] 


Gold Javel Closed Entry Sockets 
* End & Side Stackable AH prices inciuda дані 
Tin sockata and 2-lavel sockets available 
3719.4 
4350 
88007 


Blank 
Buses on both sides 
Buses on both sides 


10.50 
16.50 
17.98 


10.00 

18.00 

в 30 Kynar sinpped ӯ" on aach and Lengins are overall 16.95 
Colors Rad Blue,Geaan, Yellow, Black Orange White 

Wire ceckeged in plestic bags Add 256/wngth for tubes. 

20 

26 


ERES 
' 888 


INTERCONNECT CABLES 
Riiobon cable connectors for connecting boarda to 
tront paneis, ог board to board. 


189Р84 Blank А 535 5.25 


SINGLE ENDEO DOUBLE ENOED 


Qo шамым 
5" s825 


SOCKET 
SALE! 


14 pin Gold WW 
16 pin Gold WW 
24 pin Gold WW 


Prices good through 
3/1/78 

when purchased with 

Wire Kit #1 or #2 


tke huc ЕВЕР SER 


———— ee зм 


Addi. inches 


© 


$34.95 


HOBBY WRAP 
Model Bw 630 

With Fraa Wire КИ 1 
($8.95 Value) 


WIRE KITS 


Aat ORUM 13 Ordering information: 

Orders under $25 and COD's, add $2 
All others, shippad Ppd in US. via UPS 
For Blue Label (Air) or 1st Class, add $1 
We accept Visa & Mastarcharge 

Most orders shipped same day 


Dealer inquiries Invitad 


PAGE DIGITAL 
ELECTRONICS 


135 E. Chestnut Street 44 
Monrovia, Calitornia 91016 
Phone (213) 357-5005 


220 OF 100 4ч" ?4* 280 да" 250 6 
250 3a" +100 Б" з 250 5° 100 бз" 
100 e 100 Е my" 00 Sa 100 7 

4" 12509. Rol Bulk 


Chonta Опа Calor 
or Алогитчепї 


Batteries & Charger $11.00 
WSU 30 Hand Wrap-Unwrap Strip Tool 5.95 
WSU 30M, for Modified Wrap 6.95 
BT 39 Extra Bit 2.95 


APPLE II 1/0 BOARD KIT 3RD GENERATION 


Plugs Into Slot of Apple 11 Mother Board 


ONLY $63.00 


FEATURES: 

18 Bit Parallel Output Port 
(Expandable to 3 Ports) 

I Input Роге 

ISmA Output Current Sink 
от Source 

TTL or CMOS Compatible 

Audressable anywhere in mem- 
ory output arca 

Can be used for peripheral 
equipment such as printers. 
floppy dises, cassettes, paper 
tapes, etc. 


KIT INCLUDES: 

P.C. Board, I.C.s Sockets and 

Assembly Manual, 

PRICE: 

| Input and 1 Output Port 
lor 549.00 


| Input and 3 Output Ports 


fer $64.00 | 
DEALER INQUIRIES INVITED 


INSTRUCTION MANUAL with SOFTWARE 
for Interfacing to SWTPC PR-40 Printer, $10.00 


LD- 130 
3 Digits 
A/D Conv. 


$11.95 


6820 pia 


SHIPPING AND HANDLING KEYBOARD $3.50. 


6800 mpu 15-95 
6850 acia 1200 


2708 
E Prom 
IKx8 450ns 
$14.95 


13.00 


California residents add 6% sales tax 


ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 
REDONDO BEACH, CA. 90278 
TEL. (213) 376-8005 
WRITE FOR FREE CATALOG 
You are Invited to visit our store at the above address 


Circle 48 on inquiry card. 


OTHERS - $1.00. @ 


ASCII KEYBOARD KIT 


v^ Ow, л, 
*€*» €- Ww S U F ан 


FURTHER IMPROVEMENTS. MORE FEATURES 


TTL Logic Circuits 
Power: *5V, 275mA 
Upper and Lower Case 


Full ASCII Set (Alpha 
Numeric, Symbols, 
Control) 


7 ot 8 Bits Parallel Data 
• Optional Serial Output 


Selectable Positive or 
Negative Strobe, and 
Strobe Pulse Width 


“№ Key Roll-Over 
Fully Debounced 
Carriage Return Key 
Repeat Function Key 
Shift Lock, 2 Shift Keys 
4 User Defineable Keys 


P.C. Board Size: 
17-3/16" x 5“ 


OPTIONS: 
e Metal Enclosure (Paint- 
ed IBM Blue and White 
S25.00 


6 + » 9 9 on 


I8 Pin Edge Соп. 52.00 
Г.С. Sockets... 54.00 


Serial QUEUE (Shin 
Register) ,.... $2.00 


Upper Case Lock 

Switch (for Capital 

Letters and Numbers 

б жЕ $2.0 
KIT includes: — Key- 
board, P.C. Board, all re- 
quired components and as- 
sembly manual. 


NOTE: If you have this 

63 Key Teletype Key- 
board you can buy the 
Kit without it for $44.95. 


PED 


srs 
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Intelligent Floppy Available 
in Several Styles 


These fioppy disk drives feature 
voice coil positioning for faster access 
and a microprocessor based intelligent 
controller. The Model 277 Dual Diskette 
Drives can be packaged in a variety of 
configurations: 1) a system with one or 
two dual drives, controller, power supply 
and cabling enclosed in a 19 inch rack 
mountable chassis; 2) a one or two drive 
system with power supply and cabinet 
but without the controller, and 3) a 
“slimline” system which incorporates 
one dual drive and power supply in a 
tabletop chassis. The intelligent con- 
troller has its own 8080 microprocessor 
and internal disk operating system in 
firmware. On command, the 1070 con- 
troller can perform all file management 
functions including disk formatting and 
initializing. Voice coil positioning is said 
to be seven to ten times faster than other 
methods, with an average seek time of 
36 ms. Interfaces are available for most 
of the popular microcomputers. The 
systems range in price from $740 for the 
controller only to $3995 for the two 
drive (four spindle) system with con- 
troller, from PerSci Inc, 12210 Nebraska 
Av, W Los Angeles CA 90025, (213) 
820-3764.8 
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Minifloppy with FORTRAN IV 


This Altair (S-100) bus compatible 
floppy disk kit allows you to run 
FORTRAN programs on an 8080 based 
system with at least 20 K bytes of 
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New 74 Megabyte Hard Disk 


Priced at $6000, the C-D74 disk drive 
provides a 35 millisecond average access 
time to any of 74 million bytes of 
information. With 12 tracks on a cy- 
linder, the device can access any of 
220,000 bytes in 5 ms. Single track 
seek time is 10 ms, and the disk's data 
transfer rate is 7.3 million bits per 
second. With its large storage capacity 
and fast access time, the device is said 
to be adequate to store all the records 
of a medium size company. The C-D74 
uses "Winchester" technology in a 
nonremovable sealed chamber drive 
with a rotary arm positioner, and can 
run 24 hours a day without worry of 
disk wear. The C-D74 disk drive, cable, 
interface for an О51 Challenger and 
OS-74 operating system software is 
$6000 FOB the shipper’s plant, from 
Ohio Scientific Instruments, Hiram OH 
44234, (216) 569-7905,8 


Circle 627 on inquiry card, 


programmable memory. The kit includes 
a Shugart SA400 minifloppy disk drive, 
cables and cabinet, a floppy disk inter- 
face board kit, a disk operating system 
with file management, a text editor, 
and FORT//80, a FORTRAN IV system 
for the 8080 from Unified Technologies 
of Canada. The interface board can 
control two minifloppy drives and 
includes a bootstrap and diagnostic 
program in ROM. Also included are 8 bit 
parallel input and output ports. The 
disk operating system (FDOS) manages 
named files and includes a “sysgen” 
program for custom tailoring of the 
operating system JO routines. The 
FORTRAN system includes double 
precision arithmetic, in line machine 
code, FORTRAN control over inter- 
rupts, and direct interface of custom lO 
drivers to FORTRAN READ and 
WRITE statements. A 90 day warranty 
and a 2 year software and documen- 
tation update service are provided. The 


Million Byte Floppy Disk System 


This floppy disk system comprises 
four drives in a "dual dual" configur- 
ation, a controller, power supply and 
chassis, enclosure, cabling, and a new 
BASIC software package. The Meta- 
Floppy 1054 Mod |I will plug into any 
8080 or Z-80 based computer using the 
Altair (5-100) bus and features an all 
steel head positioner system, electronics 
capable of reading disks whose signal 
strength is weak, file protect circuitry 
and a disk insertion interlock, and 
lighted numerals to show the logica! 
address of each drive. Track to track 
access time is about 30 ms, and the 
data transfer rate is 250,000 bytes per 
second. The BASIC language system 
supports line printer spooling and 
chaining of program segments. The 1054 
is $3220 in single quantities, from Micra- 
polis Corp, 7959 Deeríng Av, Canoga 
Park CA 91304, (213) 703-1121.8 


Circle 633 on mnuiry card. 


AC Capstan Motor for 
Cassette Transport 


The Phi-Deck cassette tape transport 
is now available with a fixed speed AC 
capstan motor, Features of the new 


model include four motor control, 
remote control capabilities, fast start 
and stop, less than 30 seconds rewind 
time, and speeds from 1 to 10 inches 
per second. TTL compatible controi 
boards are available for the transport, 
as are options such as beginning and end 
of tape sensing, cassette in place sensing, 
etc. The transport is $149 in single 
quantities and less than $100 in quan- 
tities of 500, from Triple | Inc, РОВ 
18209, Oklahoma City OK 73118, 
(405) 521-9000. 


Circle 634 on inquiry card. 


package costs $1095 as a kit, or $1220 
assembled and tested. А second mini- 
floppy drive is available as a kit for 
$449, or $495 assembled and tested, 
from Realistic Controls Corporation, 
3530 Warrensville Center Rd, Cleveland 
OH 44122, (216) 751-3158.8 


Circle 628 on inquiry card. 


Circle 8 on inquiry card. 


All Prime Quality — New Parts Only 


Lowest Prices — Satisfaction Guaranteed 


EDGE CARD CONNECTORS: 25 PIN SUBMINIATURE CONNECTORS: 


Bifurcated Contacts. Not tin. Gold over nickel. 50/100 Pin (.100, Gold Plated Contacts, 


Д Р i ingl. l d ; 
1.25, + .156 Pin spacing). Double Read out DR28P Plug $2.60 еа 5pcs $225es 


50/100 Altair Type — Dip Solder Pins $4.25 ea Spes $4.00 ва DB25S Socket $3.75 ва 5 pcs $3.50 ea 

50/100 Imsai Typs — Dip Solder Pins $4.25 ea Specs $4.00 ea DB51212-1 Hood (grey! $1.00 ea 5 рсѕ $ .Э5 еа 

50/100 Imsai Type with Guides $4.50 ea 5 рсѕ $4.25 ва DB51226-1A Hood (black) $1.10ea 5 рсѕ $1.00 ea 
imsai Guides only $ 30/pr Брг $ .25/pr SAVE: 


All other contacts available: Solder Eyelet, Wire Wrap, etc. Ai! goid. Buy a comptete set: 
Many other types available: 10/20, 15/30, 18/36, etc. 1 Plug, 1 Socket, 1 Hood (апу) $6.50/set 
When ordering: specify type of contact. 5 Sets $6.25/set 


2708 1K X8 PROM 450 NS 8080A — PRIME Write for larger quantity discounts. 
$16.75 ea $12.00 ea 
5 pcs or more $15.70 ea | 5 pcs $11.50 ea ` 1 Dealers welcome. 


Minimum order $10.00: Add $1.00 for shipping and handling. When ordering: 
Orders over $25.00: We pay the shipping: Calif. residents add 6% tax. State method of shipment: 
No COD's: For immediate shipment send money order or cashier's check. Mail or UPS. 


ORDER FROM: 


Beckian Enterprises 
P.O. Box 3089 Simi, Calif. 93063 


4K RAM BOARD | KIM INTERFACE 
ida € 89.95 


See kit below. Board plugs into Kim expansion connector 
4K RAM BOARD KIT Connector for our Mother Board 


450ns Access RAMs Full memory decoding 
Fully Buffered Write protect for (4) 4K bytes 


Low Power $79.95 Address and data Bus buffers 


Static 
5V only 
45 x 6 inch board 


ixi: cy 4 RAM Board kits at | 
ТП $79.95 each andan8slot 2102 — $1.20 Multiples of 25 only. 


Mother Board is yours Low power, 450 n.s. Access and cycle. 
Includes 8 connectors and card guides. FREE. 8K EPROM BOARD 


MOTH ER BOARD "^"^ foror bus 
MAKE CHECK OR MONEY ORDER PAYABLE TO: 


8 SLOT 44 PIN BUS Kathryn Atwood Enterprises 
50 Pin Edge Connector P.O. Box 5203, Orange, CA 92667 


Discounts available at OEM quantities. For orders less than 
Mother Board $20.00 ea $25.0D total, add $1.25 for shipping. California residents 
Connectors 2.50 ea add 6% sales tax. Estimated shipping time 2 days ARO with 
Card guides for above $10.00 per set. monev order. For checks aliows 7 days for check to clear. 


Circle 7 on inquiry card. BYTE February 1978 187 


Semibuild This Semikit 


A semikit is a fully assembled and 
wave soldered printed circuit board with 
pretested integrated circuits, which the 
user need only test and burn in on his 
or her own computer. It is designed to 
eliminate common kit building problems 
such as bad solder joints, heat damaged 
components and faulty integrated cir- 
cuits. Documentation is included with 
the semikit for the test and burn in pro- 
cedures. The first semikit is the IGKRA 
memory board, which includes 16 K 
bytes of programmable memory in 4 K 
independently addressable blocks, with 
an invisible refresh and a worst case 
access time of 400 ns. The 16KRA is 
$369 in semikit form and $399 tested 
and burned in, from Processor Tech- 
nology Corp, 6200 Hollis St, Emeryville 
CA 98608, (415) 652-8080. 


Cirele 628 on inquiry card 


CompuTime Offers Clock, Calendar and 


Calculator thuOne Board CompuTime has announced an Altair 


(S-100) bus compatible PC board which 
combines a real time clock, calendar and 
40 function scientific calculator in one 
package. 

Applications for the clock and 
calendar include stamping output listings 
with time and date, plus alarm and 
timing operations which can be imple- 
mented by means of two coincidence 
counters provided on the board. If 
power is shut down, a battery backup 
system is provided. 

The 40 function calculator enables 
the computer to handle floating point, 
trigonometric and algebraic problems as 
well as basic math functions. 

The package is available in three con- 
figurations: time, date and calculator, kit 
price $199; time and date only, kit price 
$165; and calculator only, kit price 
$149. The boards are also available 
assembled and tested. Contact Compu- 
Time, POB 417, Huntington Beach CA 
92648, (714) 638-2094.m 


Circle 633 on inquiry card, 


Memory Board for EXORciser 


and MEK6800 ; 
An 8 K static memory board now 


available is pin and signal compatible 
with the bus used in the Motorola 
EXORciser, Micromodules, and the 
MEK6800D1 and MEK6800D2 Evalua- 
tion Kits. The 9626 board features full 
16 bit address decoding and buffered 
address, data and control lines. The 
9626 is $350 in single quantities and 
x E: - $210 in lots of 100 from Creative 
ECT I T ” - Micro Systems, 6773 Westminster Av, 
vim; X75 Mw Westminster CA 92683, (714) 892- 
көз vp 4 2859.8 
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using 8 K or 


Add-on Memory for LSI-11 
and PDP-11/03 


A new high density memory card for 
the LSI-11 and PDP-11/03 15 available 
from Fabri-tek Inc, 5901 5 County Rd 
Minneapolis MN 55436, (612) 
935-8811. The LS-IN-}1 provides 8, 
16, 24 or 32 K bytes of memory ona 
single card with a 2 slot connector, 


Circle 632 on inquiry card. 


Attention Readers and 
Vendors. .. 


Where Do New Product Items 
Come From? 


The information printed in the 
new products pages of BYTE is 
obtained from "new product" or 
"press release” copy sent by the 
promoters of new products. If in 
our judgment the neat new whiz- 
bang gizmo or save the world 
software package is of interest 
to the personal computing experi- 
menters and homebrewers who 
read BYTE, we print the informa- 
tion in some form. We openly 
solicit such information from 
manufacturers and suppliers to 
this marketplace. The information 
és printed more or fess as a first in 
first out queue, subject to oc- 
саѕіопа! priority modifications. 


16 K dynamic MOS 
n-channel memory chips. А typical 
low quantity price for the 16 K version 
of the card is $1085 with a 12 month 
warranty. 


| | 

LOW PROFILE IC SOCKETS AUGAT WIRE WRAP SOCKETS ee Pe ey ee Й 

ТАРІ - Ф 18 22PIN $33 16 РІМ Gold Plated | 
РІМ - $5.20  28PIN-$48 | $.49ea. — 10 FOR $3.95 

18 PIN - $ 25 LIMITED STOCK | 


2-20PF CER. 4/$1 Nylon Shaft 1K or 100K 
Mil, Quality YOUR CHOICE 4/$1 


16K E-PROM CARD $69.95 кт 


S-100 (IMSA1/ALTAIR) BUSS COMPATIBLE IMAGINE HAVING 16K 
; (ea ГО Тад] OF SOFTWARE ON LINE AT ALL TIME! 
md mi | А КІТ FEATURES: 
EAE ALEAK а 1. Double sided PC Board with solder mask and silk screen and 

| | Gold plated contact fingers. 

. Selectable wait states. USES 

. Ali address lines and data lines buffered! 2708's! 

. All sockets included. 

. On card regulators. 


WwW 1 KIT INCLUDES ALL PARTS AND SOCKETS! (EXCEPT  2708's) 
wo DEALER INQUIRES INVITED ADD $25 FOR 


SPECIAL OFFER: Our 2708's (450 NS) are $12.95 when purchased with above kit. ASSEMBLED AND TESTED 


FULLY STATIC! $149.00 кт X LOW POWER RAM KIT! 


KIT FEATURES: " 
1. Double sided PC Board with solder mask and silk screen layout. Ж: USES 


Gold plated contact fingers. p 
P posa 5-100 (IMSAI/ALTAIR) (Ж | y na 


. Fully buffered on all address and data lines. BUSS COMPATIBLE i 
. Phantom is jumper selectable to pin 67. en 7: 


. FOUR 7805 regulators are provided on card. Б шаі т 
Fully Assembled and Burned In — $179.00 
PRICE WAR! Blank PC Board With Documentation — 29.95 
For a limited time only: Low Profile Socket Set — 
Buy two 8K Kits for $129 ea. Support IC's (TTL and Regulators) — 
Bypass CAP's (Disc and Tantalums) — 


JUMBO RED LED'S RCA HOUSE #2N3772 
: 3W AUDIO AMP NPN Power Transistor. 30 AMP. 


N G.E. Like MV5024 
к. жес MODULE ibi peu 150 W. VCEO-60. TO-3. Vastly out 
d B performs 2N3055. Кер. List $3.04 


NER 6FOR$I 25 FOR $3.75 2 FORSI 


Fully assembled and tested. NEw! dui SpadTCaMMIS NEW, 
With schematic. 4, 8 or 16 2114. The industry standard. I8 PIN DIP. Arranged as 1К X 4. Equivalent to 
OHMS. FOUR 21LO2's in ONE package! TWO chips give ІК X 8, with data. 


$3.95 NEW! 2 FOR $24 450 N.S.! 8 FOR $85 


MOTOROLA 7805R 450 NS! 2708 EPROMS 450 NS! 


VOLTAGE REGULATOR Now Full Speed! Prime new units from a major U.S. Mfg. 450 N.S. Access 
Same as standard 7805 except 750 MA | time. IK x 8. Equiv. to 4 1702 A's in one package! 
OUTPUT. TO-220. SVDC OUTPUT. Special Offer: $12.95 ea. when purchased with our 
$ .44 each 10 FOR $3.95 $15.75 Éü LL EPROM Kit. 


Z - 80 PROGRAMMING MANUAL X. PRICE WAR! * 
By MOSTEK, the major Z - 80 second source. The most detailed explanation 21L02-1 LOW POWER RAM! Prime. 
ever on the workings of the Z - 80 CPU CHIPS. At least one full page on each | 590 N.S. FAST! 8 FOR $9.95 
of the 158 Z - 80 instructions. A MUST reference manual for any user of the - = à 
Z - 80. 300 pages. Just off the press! А D.R.C. exclusive! $1 2.95 8 POSITION DIP SWITCH 
By CTS.Fits 16 Pin Socket. $1.95 


y 


TERMS: ORDERS UNDER $15 ADD $.75. NO C.O.D. WE ACCEPT VISA, MASTER CHARGE AND AMERICAN 
EXPRESS CARDS. MONEY BACK GUARANTEE ON ALL ITEMS. TEXAS RESIDENTS ADD 5% SALES TAX. 


Digital Research Corporation CAL FoR our САТАТ ОС! 
P. О. BOX 401247 • GARLAND, TEXAS 75040 © (214) 271-2461 WE PAY POSTAGE! 
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6800 Based System for OEMs 


Designed especially for original 
equipment manufacturers, the MBC 
Microcomputer System comes complete 
with a keyboard and 6 digit hexadecimal 
display, a system monitor, general pur- 
pose board, four slot motherboard and 
flexible mounting system. The mounting 
frame, which will accept three peripheral 
boards, is provided with brackets to 
allow for front, back, side or 19 inch 
rack panel mounting. The main com- 
puter board has room for up to 768 
bytes of programmable memory, 2.5 K 
bytes of read only memory, and a cur- 
rent loop, RS232 and cassette interface. 
The M68-MBC is $695 from Electronic 
Product Assoclates Inc, 1157 Vega St, 
San Diego СА 92110, (714) 276-8911. 
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Integrated Package Based on LSI-11 


The LSI based system includes a large 
backplane, dual drive floppy disk and 
and power supply all in one package. 
The SS-11/15 is available in a single 
10.5 inch rack or a tabletop mount- 
ing enclosure, and includes a 15 quad 
slot backplane, console interface and 
switch register, diagnostic and boot- 
strap ROM bus terminator, and dis- 
tributed refresh controller, The system 
is compatible with Digital Equipment 
Corp software such as the RT-11 and 
RSX-11/S operating systems and multi- 
user BASIC, FORTRAN, and MACRO- 
11. The SS-11/15 is backed by a one 
year warranty and is delivered with all 
unused card slots occupied by bus 
grant continuity boards to simplify 
testing of «custom interfaces, from 
Unicomp Inc, 8950 Westpark, Suite 
312, Houston TX 77063, (713) 782- 
1750.8 

Circle 640 on inquiry card. 
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SYSTEMS 


A New Single Board 
Z-80 Computer 


Monolithic Systems Corporation has 
introduced the SBC-80 Multibus com- 
patible computer featuring 8 K bytes of 
static programmable memory and 8 K 
of erasable programmable read only 
memory sockets with serial and parallel 
10 ports. Designated the MSC 8001, 
the single board computer uses the Z-80 
processor and has up to 4 MHz clock 
speed. It is electrically and mechanically 
compatible with the SBC 80 systems, 
operating as a master module in the 
Multibus scheme. 

The two parallel IO ports consist of 
parallel peripheral interface circuits 
with buffers and terminators to protect 
all internal MOS circuitry. A total of 48 
lines are available. They can be con- 
figured for either positive or negative 
logic signals. 

The serial IO port of the MSC 8001 
supports RS232C, TTL or current loop 
compatible serial IO devices with pro- 
grammable data transfer rate. Asyn- 
chronous and synchronous data formats 
can be programmed. The current loop 
interface is optically isolated to protect 
the MSC 8001 from transients or ground 
loops caused by peripheral equipment. 

Real time processing is provided with 
the 8253 interval timer. The timer con- 
tains three 16 bit counters which operate 
independenlly. One is dedicated to the 
serial) IO port and the other two are 
avallable for general use. The unit pro- 
vides eight levels of fully vectored 
priority interrupts. The memory is 
available with either 4 K or 8 K of stan- 
dard 18 pin, 4 K x 1 static program- 
mable memory. 

The MSC 8001 single board com- 
puter is $845, including all interface 
elements and 8 K bytes of programmable 
memory. 

Contact Dick Lorimor, Monolithic 
Systems Corporation, 14 Inverness Dr E, 
Englewood CO 80110, (303) 770-7400.8 

Circle 637 on Inquiry card. 


LSI-11 Based Floppy Disk System 


This dual drive floppy disk system 
is available with or without an integral 
{51-11 processor and is said to be 
identical in function to the PDP-11V03. 
The Micro-Flop 11 uses the Shugart 
5А800 disk drive with the SA850 
double sided disk available as an option. 
The disk controller features a dedicated 
8080 microprocessor which implements 
a disk self-test feature Independently 
of the 151-11. A front panel console, 
10.5 inch (26.7 cm) enclosure, and the 
Digital Equipment Corporation H9270 
backplane are included. The Micro-Flop 
11 is $3,350 without the LSI-11 and 
$4,290 with the LSI-11 included, from 
Charles River Data Systems, 235 Bear 
Hill Rd, Waltham MA 02154, (617] 
890-1700. 
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Commodore Ships First PET Computers 


The PET computer made its debut 
recently as the first 100 units were 
shipped to- waiting customers in mid 


October 1977. Here Commodore 
Systems Division Director Chuck Peddle 
is pictured with the PETs undergoing 
final checkout. Shipments were made 
about six weeks later than expected, 
according to Peddle. The delay was due 
in part to time consuming quality con- 
trol measures and the material flow 
problem in starting up the production 
lines. "In this business," Peddle argued, 
“six weeks is actually pretty good." 
Many of the first units were delivered to 
customers who intend to develop soft- 
ware for the PET. Commodore plans to 
create a publishing house for programs 
developed by users as well as employees. 
The company plans to increase pro- 
duction of the PET computers to several 
thousand per month by early 1978. The 
basic PET with 4 K memory is priced at 
$595, while the 8 K memory version is 
$795, from Commodore Business 
Machines Inc, 901 California Av, Palo 
Alto CA 94304, (415) 326-4000.8 
Circle 639 on inquiry card. 


Hobby Computer Kits eee 


1 MODEM Part no. 109 


Type 103 

Full of half duplex 

Works up to 300 baud 

Originate ar Answer 

No coils, only fow cost components 

TTL input and output 

Connect 8 ohm speaker and crystal mic, directly to board 
Uses XR FSK demodulator 

Requires +5 volts 

Board onty $7.60, with parts $27.50 


2 RS-232/TTL INTERFACE Part no. 232 


Ф 
Converts TTL to 95-232, апо converts R5-232 to TTL 
Two separate círcuits 
Requires +12 and -7 2 volts 
All connections go to a 10 pin gold plated edge connector 
Board only $4.50, with parts $7.00 


EH II 
ee es a 5 
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3 TAPE INTERFACE Part no. 111 

Play and record Kansas City Standard tapes 

Converts a low cost tape recorder to a digital recorder 
Works up to 1200 baud 

Digital in and out are TTL 

Output of board connects to mic, input of recorder 
Earphone of recorder connects to input on board 
Requires +5 volts, low power drain 

No coils 

Board only $7.60, with parts $27.50 


4 TELEVISION TYPEWRITER Part no. 106 


Stand alone TVT 

32 char/line, 16 lines, modifications for 84 char/line included 
Parallel ASCH (TTL) input 

Video output 

fK on board memory 

Output for computer controllad curser 

Auto scroll 

Non destructive curser 

Curser inputs: up, down, left, right, home, EOL, EOS 
Scroll up, down 

Requires +5 volts at 1.5 amps, and - 12 volts at 30mA 
Board only $39.00, with parts $145.00 
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5 UART and BAUD RATE GENERATOR Part no. 101 


Converts serial to parallel and parallel to serial ' 

Low cost on board baud rate generator 

Baud rates: 110, 150, 300, 600, 1200, and 2400 

Low power drain +5 volts and —12 volts required 

TTL compatible 

All characters contain a start bit, 5 to 8 data bits, 1 ог 2 stop 
bits and either odd or even parity 

Ail connections go to a 44 pin gold plated edge connector 

Board only $12.00, with parts $35.00 


6 RF MODULATOR Part no. 107 


Converts video to AM modulated AF, Channels 2 or 3 
Power required is 12 volts AC C.T., or +5 volts DC 
Board only $4.50, with parts $13.50 


4K/8K STATIC RAM Part no. 300 


8K Altair bus memory 

Uses 2102 Static memory chips 

2-4K Blocks 

Blocks can be addressed to any of T6 4K sections 
Vector input option 

TRI state buffered 

Board only $22.50, with parts $160.00 


TIDMA Part no. 112 


Tape Interface Direqt Memory Access 

Record and play programs without bootstrap loader (no prom) 

Has FSK encoder/decoder for direct connections to low cost 
recoder at 625 baud rate, and direct connections for inputs 
and outputs to a digital recorder at any baud rate 

8-100 buss compatible 

Comes assemblad and tested for $160.00 


APPLE 1 MOTHER BOARD Part no. 102 


10 slots - 44 pin [.156) connectors spaced 3 inch apart 
Connects to edge connector of computer 

Pin 20 and 22 connects to X & Z for power and ground 
Board has provisions for hy-pass capacitors 


, Board costs $15.00 


7 D.C. POWER SUPPLY Part no. 6085 

Board supplies a regulated +5 volts at 3 amps., +12, - 12, and -5 
volts at t amp 

Board has filters, rectifiers, and regulators 


‘Power required is 8 volts AC at 3 amps., and 24 volts AC С.Т. 


at 1.5 amps 
Board only $12.50 


TO ORDER 

Mention part number and description. For parts kits add "A" to 
part number. Shipping paid for orders accompanied by check, 
money order, or Master Charge, BankAmericard, or VISA 
number and signature. Shipping charges added to C.O.D. orders, 
Calif. res. add 6.5% for tax. Parts kits include sockets for all ICs, 
components, and circuit board, Documentation is included with 
all products. Dealer inquiries invited. 


ELECTRONIC SYSTEMS 


P.O. Box 212, Burlingame, CA 94010 
(408) 374-5984 


k 
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Whats New? 


SYSTEMS etc 


Low Cost 16 Bit Microprocessor 
Development System 


DE —зш - 

. z 

Р I è 
race 


This low cost development system 
(LCDS) lets the user gain experience 
with and develop programs for the 16 bit 
PACE microprocessor for a basic cost of 
only $585. Fully assembled on a printed 
circuit card, the LCDS includes the 
microprocessor, 1 K 16 bit words of pro- 
grammable memory, sockets for 1K 
words of programmable read only 
memory, a 20 key dual function key- 
board, a six digit light emitting diode dis- 


play, a timer, input output buffers and 
bidirectional transceivers. On board 
ROM contains a system monitor for the 
keyboard, display, and control of input 
output subroutines. Both a 20 mA cur- 
rent loop interface and an RS232 port 
are provided. Three prewired, 72 pin 
sockets allow for additional memory or 
for expansion of the LCDS interface bus. 
Expansion boards may be plugged di- 
rectly into these sockets, or a prewired 
cable assembly can be used to connect 
the unit to an expansion chassis. Maxi- 
mum system memory is 60 K words. The 
LCDS microprocessor can be isolated 
from the system bus, allowing an exter- 
nal PACE to use LCDS memory and 
peripherals. This feature makes it easier 
to check out prototyping hardware as it 
is developed. Documentation includes an 
80 page Microprocessor System Design 
Manual, a 96 page LCDS User's Manual, 
a 112 page Assembly Language Program- 
mer's Manual, data sheets and schematic 
drawings. The unit requires a 5 V power 
supply delivering 2.8 A plus additional 
current for any memory expansion 
cards, and a 12 V supply for the RS232 
interface, The LCDS is priced at $585; 
expansion options include the IPC-16C/ 
011 card including 1 K words of pro- 
grammable memory for $170, the IPC- 
16C/012B card providing sockets for 2 K 
words of read only memory for $139, 
and the IPC-16P/802 expansion cable 
assembly for $145, from National Semi- 
conductor Corp, 2900 Semiconductor 
Dr, Santa Clara CA 95051, (408) 
737-5000, 
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Correction 


On page 208 of the December 1977 
BYTE we gave the incorrect address for 
ordering Hewlett-Packard's НР-01 wrist- 
watch calculator. The unit is presently 


being marketed only through jewelry 
stores. To obtain the name of the store 
nearest you, call toll free (800) 
648-7111; in Nevada, call 329-2700, Our 
thanks to HP's Mike Rosenthal for this 
information. & 


For Z-80 Users 


The Z80-PDS program development 
system includes a floppy disk drive with 
up to 300 K bytes of online storage, 3K 
bytes of read only memory and 16 K 
bytes of programmabie memory, and 
serial 10 with RS232 or strappable 
current loop interface. Software for the 
system includes a disk resident oper- 
ating system, editor, assembler, debugger 
and file handling utilities. The Z80-PDS 
can be used with any standard CRT or 
hard copy terminal at data rates from 
110 to 19,200 bps. The system may 
also connect directly to a soon to be 
available optional keyboard and video 
monitor by means of the Z80-VDB 
video display board. Other optional 
modules are the Z80-PPB programmer 
board, Z80-lOB input output board, 
and the Z80-SIB serial IO board. The 
card enclosure measures 15 by 10 by 
4 inches and weighs only 5 pounds, 
while the disk unit, là by 4.75 by 9 
inches, weighs 10 pounds. The program 
development system is priced at $2850 
in single quantities from Zifog, 10460 
Bubb Rd, Cupertino CA 95014, (408) 
446-4666.8 
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COSMAC Based Kit Aimed at Hobbyist 
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This low cost hobby computer kit 
features video display and audio cassette 
recorder IO as well as a low level inter- 
pretive programming language especially 
designed for the creation of compact 
games and graphics. The COSMAC VIP 
is based on the CDP1802 microprocessor 
and uses the CDP1861 video chip to con- 
trol the video display. The VIP is built 
on a single 8.5 by 11 inch printed circuit 
card and provides 2 K bytes of program- 
mable memory using 4 K bit static 
memory chips, and 512 bytes of read 
only memory containing a monitor 
program which permits the user to 
examine and alter memory, save and 
load programs on cassette tape, and 
examine the processor registers. The 
cassette interface operates at 100 bytes 
per second using any reasonably good 
audio cassette recorder. The CHIP-8 
programming language simplifies the 
task of programming video games in 
hexadecimal code. CHIP-8 has 31 
instructions in a 2 byte format for 
functions such as displaying a pattern 
on the video display, generating a 


random number, sounding a tone, etc, 
and provides 16 one byte variables 
and subroutine nesting capability. Mem- 
ory expansion to 4 K bytes and parallel 
IO expansion to 19 lines can be achieved 
by inserting additional integrated cir- 
cuits on the printed circuit board, and 
additional memory and peripherals can 
be added through the 44 pin memory 
and input output expansion connector 
sockets on the board. The VIP user's 
manual, said to be written by a hobbyist 
for hobbyists, contains detailed informa- 
tion on kit assembly, operating proce- 
dures, CHIP-8 programming techniques, 
test programs and trouble shooting 
hints, and system expansion instruc- 
tions. The manual also includes program 
listings for 20 video games which can be 
immediately entered and played by the 
user without having to learn program- 
ming. 

Priced at $275, the COSMAC VIP 
is available from RCA Solid State Divi- 
sion, POB 3200, Somerville N] 08876, 
(201) 685-6423. 
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PLETE SAL 


74L$OQ $ 
741502 
74L$04 
741508 $ . 
74L$10 
741514 
?4L$20 
74L$21 
74L$22 
74L$30 
741.532 
7419537 
741538 
74L$42 
741947 
74L$48 
74L$73 
74L$74 
741575 
741576 
74—586 
74.590 
74L$92 


74L$93 
74L$109 
74L$112 
74L$113 
74L$114 
74L$125 
74L$126 
741$132 
7419138 
74.5139 
7465151 
74L$153 
74L$154 
74L$157 
741$160 
74.9161 
74.5162 
7415163 
74L$164 
74L$174 
7AL$175 
74L$190 
74L$191 


WAMECO 

S-100 P.C. Boards 

8K RAM 

Z-80 CPU 

12-Stot Mother 
Board 

ITHACA AUDIO 

$-100 P.C. Boards 

8K RAM 

2-80 CPU 


SOLID STATE MUSIC 
S-100 Kits & Bare Boards 
MB-3 2K/4K EPROM 
Uses 1702A EPROMS 
Kit w/o EPROMS 59.95 
MB-4 4K STATIC RAM 
Kit 95.00 
Bare Board 25.95 
MB6A 8K STATIC RAM 
Kit $179.95 
Bare Board 25.95 
MB? 16K STATIC RAM 
Kit 435.00 
Bare Board 25.95 
MBB8 8K/16K EPROM 
Uses 2708's 
Kit Less EPROMs 75.95 
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7415192 
741.%195 
741197 
7415221 
7415257 
7415258 
7405266 
7415283 
7419365 
7415366 
7415367 
7415368 
7405386 
81L$95 

81.996 

81L$97 

311398 


MEMORY 


6820 
6850 
8212 
8214 
8216 
8224 
8228 
8226 
8238 


17024 
2708 
2716 


1101 


BOBOA 


LM 301H 
LM 301AH 
LM 301AM 
LM 304H 
LM 305H 
LM 307M 
LM 308H 
LM 308AH 
LM 308N 
LM 311M 
LM 311N 
LM 311H 
LM 312H 
LM 317H 
LM 317K 
LM 318M 
LM 319H 
LM 321H 
LM 322H 
LM 324N 
LM 325H 


LM 747N 
LM 1458M 
LM 14558H 
LM 4250CH 


LM 339N 
LM 343H 


5716 W. Manchester Аме. 
Suite #5 
Los Angeles, CA 90045 


TELEPHONE ORDERS: 
Call (213) 641-4200 


4,75 
13.50 
32.95 


21LO2450ns 1.25 
21102 250ns 


1.60 
75 


MICROPROCESSOR 


$11.95 
24.95 
34.95 


2708 Special 


Buy 10 
get 1 free 


LM 309H 
LM 309K 
LM 320H-5 
LM 320H-6 
LM 320H-8 
LM 320H-12 


1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.35 


$1.75 


LM 320K-15 


O Send your complete catalog, Bi 
quickly. a 
[1] Please send me the followingg 
items I have listed below: 
Stock No. 


1.75 
1.35 
1.35 


me’ 15 OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION 


HUGE DISCOUNTS! 


Savings up to 70% on major brand IC parts and computer kits. 


SOLID STATE MUSIC 
MB9 STATIC PROM/RAM 
Kit Less Memory 72.00 
VB1A VIDEO INTERFACE 
Kit 129.95 
Bare Board 25.95 
102 PARRELL I/O 
And Kludge 
Kit 
Bare Board 
104 2+2 1/0 
Kit 
SB-1 MUSIC 
SYNTHESIZER 
Kit with 
Software 
MT-1 
15-Slot Mother 
Board 39.95 
XB-1 EXTENDER BOARD 
Bare Board 8.99 
SSM 8080 MONITOR V1 
ON 2-2708 47.00 
ON 8-1702A 47.00 


49.95 
25.95 


139.95 


174.95 
LM 320K-18 
LM 320K-24 
LM 320T-5 

LM 320T-12 
LM 320T-15 
LM 340K-5 

LM 340K-8 

LM 340K-12 
LM 340K-15 
LM 340K-18 
LM 340K-24 
LM 340T-5 

LM 340T-8 

LM 340T-12 
LM 340T-15 
LM 340T-18 
LM 340T-24 


1978 
IC MASTER 


* Over 40,000 
IC's listed. 

* Over 2,000 
pages. 

* Updated every 
90 days. 


Retail Value 


$55.00 


Address Satisfaction 100% Guaranteed # 


| California Residents Add 6% 
State Zip Sales Tax 


Your Price 
Note: Minimum Order $10.00, 5% Discount over $100.00 


атут ИН | 48.50 


IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION I& OUR GUARANTEE 


City 
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Guide Cross Indexes Personal Computing 
Magazines 


The January to June Periodical Guide 
for Computerists indexes 1080 articles 
from 23 hobby and professional com- 
puter publications. Articles, editorials, 
book reviews, and letters from readers 
which have relevance to the personal 
computing field are indexed by subject 
under 90 categories. The 32 page book is 
available postpaid for $3 from E Berg 
Publications, 1360 SW 199th Ct, Aloha 
OR 97005, (503) 649-7495, or from 
local computer stores.B 
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This free brochure, said to unravel 
the mysteries of small business com- 
puting systems, details a step-by-step 
approach to matching computer capa- 
bilities with business needs, Copies 
are avallable from Digital Equipment 
Corporation, Communications Services, 
Brochure EA 07430, 444 Whitney St, 
Northboro МА 01532, (617) 897-5 111.8 


Circle 646 on Inquiry card, 


BYTE February 1974 


PUBLICATIONS 


Computerlogue Stardated Fall 1977 
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This 22 page microcomputer catalog 
includes products from all the major 
manufacturers. Separate prices are given 
for credit card purchases and for cash 
purchases, which receive a discount. 
Computerlogue is available from Com- 
puter Enterprises, РОВ 71, Fayetteville 
NY 13066, (315) 637-6208.8 
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Signature Analysis: A New Applications 
Note from Hewlett-Packard 


Signature analysis is a new technique 
for debugging microcomputer circuitry 
and other circuitry designed around bus 
architecture. Data bit streams, which 
are common in this type of architecture, 
present special problems when fault 
analysis is required. Hewlett-Packard 
details some of the new techniques used 
In signature analysis in its free 50 page 
Applications Note 222, available fram 
the Inquiries Manager, Hewlett-Packard 
Company, 1501 Page Mill Rd, Palo 
Alto СА 94304, (415) 493-1501. m 
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Bubble Memory Report 


This report analyzes the impact 
of bubble memory technology on end 
user products such as point of sale ter- 
minals and word processors, program- 
mable calculators and home computers 
and the implications for competitive 
memory systems such as cassettes and 
disks, charge coupled devices and MOS 
memory. À complete facilities plan for 
production of bubble memories 15 
included. Other reports such as "Small 
Business Systems Industry Report” 
and “Data and Word Processing Оррог- 
tunities In the Automation of Legal 
Work" are also available. The bubble 
memory report is $995 from Small 
Business Systems, 4320 Stevens Creek 
Blvd, Suite 230, San Jose CA 95129 
(408) 243-8121. 
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Brochure Describes Analog Peripherais 
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This 16 page brochure provides the 
specifications for the SineTrac 800 series 
of data acquisition cards for the Intel 
MDS-800 and SBC-80/20/10 microcom- 
puters, Accepting 32 or more analog 
channels, the high speed SineTrac 800 
communicates over the processor bus as 
an addressable |O device. The brochure 
is available from Datel Systems Inc, 
1020 Turnpike St, Canton MA 02021, 
(617) 828-8000.m 

Circle 650 on inquiry card. 
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At Last, a Microcomputer 
Troubleshooting Manual 


What do you do when your newly 
assembled microcomputer kit doesn't 
work? Thousands of hobbyists um- 
doubtedly have been in this predica- 
ment, and most learn the art of troubie- 
shooting digital circuits the hard way. 
This manual, written by a test engineer 
and technical writer, may provide a 
short cut. It offers general hints and 
specific procedures for finding and 
curing common problems arising with 
the components of microcomputer sys- 
tems. Separate sections treat general 
problem solving approaches, trouble- 
shooting newly assembled equipment, 
and fixing a system which has worked 
Properly prior to the fatest failure. 
Typical problems with processor boards, 
memory boards and television interface 
boards are treated in some detail. A 
glossary of terms and a list of recom- 
mended component suppliers is [n- 
cluded. $5 from Micro-Info Associates, 
POB 849, Castroville СА 95012.18 
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Notes for Altair Computer Users 


Computer Notes is a monthly publi- 
cation for owners of Altair computers, 
providing tutorial articles, hints and 
project ideas. The September 1977 issue 
includes articles оп building your own 
video display and on robot mechanics. 
Computer Notes is free to Altair com- 
puter owners; 50 cents per issue or $5 
per year from MITS Inc, 2450 Alamo 
SE, Albuquerque NM 87106.8 
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SOCKETS/BRIDGES 
pcb 
pcb 
pcb 
pcb 
pch 
pch 


DIODES/ZENERS 
100v 
600v 

1000v 
75v 
6.2v 
10v 
12v 
5.1% 
13v 
14v 
15v 


TRANSISTORS, LEDS, etc. 
2N2222 NPN {Plastic .10) .15 
2N2907 PNP 15 
2N3906 PNP 
2N3054 NPN 
2N3055  NPN 15A 60v 
T1P125 РМР Darlington 
LED Green, Red, Clear 
D.L.747 7 5ед 5/8" high com-anode 1. 
XAN72 7 seg com-anode 1. 
FND 359 Red 7segcom-cathode 1. 


14914 
144005 
144007 
1N4148 
1N753A 
1N758A 
1N759A 
1N4733 
15243 
1352448 
1152458 


8-pin 
14-pin 
16-pin 
18-pin 
22-pin 
24-pin 
28-pin = pcb 
40-pin pcb 
Molex pins .01 
2 Amp Bridge 


25 Amp Bridge 


To-3 Sockets 
100-prv 
200-prv 


-TT 
74176 
74180 
74181 
74182 
74190 
74191 
74192 
74193 
74194 
74195 
74198 
74197 
74198 
74221 
74367 


74H72 

74H101 
74H103 
74H106 


743133 
748140 
745151 
745153 
745157 
745158 
745194 
745257 (8123) 


74100 
741.02 
74103 
7404 
74L10 
74120 
74130 
74147 
74151 
74L55 
74172 
74173 
74174 
74175 
741.93 
741.123 


741.500 
741.501 
741.502 
741.504 
741.505 
74LS08 
741.509 
741.510 
741511 
741520 
741521 
741.822 
741.532 
741537 
741.540 
741.542 
741.551 
741.574 
741.586 
741.590 
741.593 
7415107 
74L 5123 
7415151 
7415153 
7415157 
7415164 
7415367 
7415368 


75108A 
75110 
75491 
75492 


74HOO 
74H01 
74H04 
74HD5 
74H08 
74H10 
74H11 
74H15 
74H20 
74H21 
74H22 
74H30 
74H40 
74H50 
74H51 
74H52 
74H53J 
74H55 


74800 
74502 
74503 
74504 
74505 
74508 
74510 
74511 
74520 
74540 
74550 
74551 
74564 
74574 
745112 


745114 130 


LINEARS, REGULATORS, etc. 
LM320K5 (7905) 1.65 LM340T24 
LM320K 12 1.65 LM340K 12 
LM320T5 1.65 LM340K 15 
LM320T12 1.65 LM340K 18 
LM320T15 1.65 LM340K 24 
LM339 95 LM373 
7805 (34075) 95 LM380 
LM340T 12 1.00 LM709 (8,14 PIN) 
LM34Q0T15 1.00 LM711 
LM340T 18 1.00 


LM723 
LM725 1.75 
LM739 1.50 
LM741 (8-14) .25 
LM747 1.10 
LM1307 1.25 
LM1458 95 
LM3900 ‚50 
LM75451  .65 
NE555 
NE556 
NES65 
NE566 
NE567 


.50 


9000 SERIES 
9301 .85 


9309 
9322 
95H03 
9601 
9602 


LM308 (Mini 

LM309H -65 
LM309K (340K -5) .B5 
LM310 1.15 
LM311D (Minit .75 
LM318 (Mind 65 


INTEGRATED CIRCUITS UNLIMITED 


7889 Clairemont Mesa Boulevard, San Diego, California 92111 
(714) 278-4394 (Calif. Res.) 


А! orders shipped prepaid No minimum 


25 
4 


MEMORY CLOCKS 
748188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 
MM5316 3.50 
2102-1 1.75 
2102L-! 1.95 
TR 1602B/ 
TMS 6011 


SPECIAL 
DISCOUNTS 
Total Order Deduct 


6.95 $35-$99 5% 


8080AD 
8T13 
8T23 
8T24 
2107B-4 


15.00 
1.50 
1.50 
2.00 
4.95 
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EM Quantities 


COD orders accepted 


California Residents add 6% Sales Tax 


All IC's Prime/Guaranteed. All orders shipped same day received. 


24 Hour Toll Free Phone 1-800-854-2211 


MasterCharge / BankAmericard / AE 


$100-$300 10% 
$301 -$1000 15% 
$1000 - Up 20% 
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COMPU/TIME offers 7400 TTL Series MICROPROCESSOR CRYSTALS 
COMPU TI Real Darn Clever : 
CT 100 Enhancement to users of 
IMSAI/ALTAIR 
Microprocessors 


7450 
7416! 
74152 


-ь 


CBESBBESRESERRBUEE 


10 MH; 

і 8422 MH? - 

20 Mh; 59 MH? 

2 097152 MHz 5 0688 Mhz 


5 185 Мн; 


2.4576 Mhz Врие 


2 667 MH: : 5 144 Мн: 
300 MHz 6 40 MH; 
320 MHz 5 5536 MHr 
32168 Мнг 


3 578545 MH; 80 MHz 


40 MHz 18 00 MHz 


* $ 100 Bus Computer Systems 4 194304 MHz > Tm 
4 31520 Mh; ї 


* Memory capacity ol 8K or 16K bytes by DIP 
* ак boundary adgressing by DIP Switch $ : DI va 
* (04 wai cycles by DIP Switch Q 9 é : 
* Data output address input ines {ну buttered " nto зз FOR PRO CESSOR T ECH E: Л sii 
* Hi grade giass-epoxy with plated-Ihru holes 14.318 $4 95 - 
* Epoay solder massed 
DIP SWITCHES — , position 


4 POSITION $1.50 8 POSITION 
5 POSITION 1.60 9 POSITION 
6 POSITION 1.70 10 POSITION 


WIRE WRAP CENTE 
HOBBY-WRAP TOOL -BW-630 


e Battery Operated (Sue С) 


J 
1 
U 


РУЗ 


5100 BUS COMPATIBLE 
TIME & CALENDAR 


COMPU/TIME CT100 $199 Kit $245 Assembted 
COMPU only C101 $149 Ки $188 Assembled 
TIME anly T102 $165 Ки 1205 Assembled 
COMPU/TIME РС Воена amy $5 


BSSSSSSESSSBISERSRIST 
5 


* Utnizing up to 16 2708 EPROMS 


sppEbEQ5ASEHINEEUIÉNNUDNSE UNUM 
o858559588SBBEREN 


—————— IN MO m Der 
58 


mm iter 
BRBsssaaBxEsBs 


ч 
EI 


FCS 8000А — 34 Dot = * бершу 
hie. 15 Po VEON oh сол А o gn паса 
9 Cenneti 4 тоу are 


lect w ome том жга SLIT-N-WRAP WIRE WRAP TOOL 
= е euer novit? Mis Sus and apens sulaton exposing 
КАС ni ГСО e lype segren LA Date wie 
SPECIAL panaman Cow Ша ho рее camo or pre stepping 
$4.95 EA sen crite ао M. Comes compute with мео 100 Н socois 
+ MAMMUM FORWARD „етен eonagre 302 528 AWG aue 


ММ! уч 1 «om 
Madel P180 $24 80 


кл Plugboards 8800V e Weighs ONLY 11 Ounces 


Universa Micro om uter y «e Wraps 30 AWG Wie onto 
Prat ets и ат PEL $34.9 Standard DIP Sockets ( 025 mch) 
tfi ^v! mented Complete with built in рч and sieeve 


EEE PEET E EA Et tn AA nA e 
da m me an aaan INS TE эө эө эө ө ЫМ) 


сало ць tAn oS CA ynt Ln 
ЕЕРЕЕ 
REVSSERKSRSESSRR TEs BSSESBSTSSSRS 
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See. 


SSsPFASSSRSSSSSRE TERNS 


ONO ae rara c ata 


PA TALTEEN 


i-i 
m 
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$19.95 


o 


WIRE-WRAP KIT — WK-2-W 
WRAP e STRIP e UNWRAP | 

e Too! tor 30 AWG Wire 

е Rollo! 50 Ft. White or Blue 30 AWG Wie” 

e SOpes each! 2 3 &4 lengths - 


pre-stripped wire o 
WM тасады 


$11.95 


менела 3 WIRE WRAP TOOL WSU-30 
Macon ah WRAP o STRIP о UNWRAP - $5.95 
MMISCSISM р 
сам 09160 A19 
шк ou WIRE — i — 30 AWG 
атасам 9908 10001 $15 00 
mas 24076" 1200 SPECIFY COULDA — While - Yellow Red = bre - Biue . Baca 
matraco? 1200 
ETT WIRE DISPENSER — WD-30 
e 501 roll 30 AWG KYNAR млге wrap wire 
GAMEN M e Cuts wire to desired length : $3.45 ea. 
e Sings 1" of insulation — Spaetty — Blue-Yellow-White-Red 


= 
a 
-= 


-ы 


Manta ун 
MINAT AC IOON 
ным 


EELETPELET 


- ы-и 
чё------ 


este ХЕТТ 2р®сПуШШ 


+= MENORS ММО Р ТРОНА ТҮҮЛ» 
CHANNEL F e Freeze Action e. Speed Option 
^ s Automate tune and sCore&eeping 
ә Battery tree AL ортана 


4i 
Ы! $429.95 m mem ne, 


MM CODI 

MISTACUOTN 

MATAG HOIN 
AM 14 ON ARRAN 
VY COIN 
SAM ACO 
MM COSS 
MPAT SON 
MM CIA 
MM PAE Hie 
AMA HAC оч 
омс ім 
MMTIACA? 


e tasy noos up on any B W o: Color Ty 
e bartory warranty 
Channel F — additional cartridges — $17.95 ea. ^? Bacch (1 ar 2 рүн, 


001. «Sema i! or 2 players) 
0811 14 fac loa Shoomny Galery 0615 Spices! . oer 
Quase doodle Doodle 088 Mape матое > 
0512 Оеп ^ ox shooting Gabery отр: ipg« 


D-SUB CONNECTORS 


NO PINS PART NO PRICE COVER PRICE 


-- == 
~ 


Z*4us$8RRPSTI Nusszuklkk 


м 


- = 
———-9 мо 


метан 


{ 
5 
{ 


DE-9P 1 49 125 
ОЁ-95 215 
DA.15P 2.11 150 
DA 155 3.10 
DB-25P 3.00 150 
08-255 4.00 


imn 
мазат н! LIQUID CRYSTAL DIGITAL 
DE-37P 4 14 200 мм ман VI CLOCK-CALENDAR 


DE-37S 6.00 MACHINAM For Auto, Home, Office 
DO 50P 540 225 - Smat! in size {2x2 Vex Y 
00-505 8.00 Риз button lor seconds release for data 
- о ** Mount Anywhere «th either 3M Goudie 
EDG E C 5 Jed tape of VELCRO nctuded 
ONNECTORS "A j? MODELS AVAILABLE 
TIU LI N EA R LM 29D0A p^ ' * DONADIS mortes tuns оп ын! contained 
— 142901 teros for Detter than à yesi 
Dahi pis cout deret - Ct. шлу ^ UF Vot system ang os баск 
DuAL PI" oon 
DUAL Plt Gore 
Guar PiN 6010 


"гез 
LCO-101 or LCD- 102 
your choice $33.95 es 
DUAL PIN GOLD 
QUAL PIN G0LO(6800) 


DUAL PIN GOLD( IMSA] /ALTAIP) Clear desk stand for $2.00 


ovat PIN GOLD( 1MSA1/ALTAIR) 
DUAL PIN GOLD(NO LARS- | МУД 
DUAL oth YIN (.3 SPACING) 
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мю м 
мум 
LMfo0CH 
LM?OCHE 
мнн 

мсн 
MINEN 
EMIN 
3MP23CN 
омты 
tM I2BCN 
WASP 
AREDICN 
мун 
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MA1003, 12V DC CLOCK MODULE 
ALI 


But in X'TAL controlled 
time base. Protected inet 
automotive volt transients, 
- Automatic brightness con 
trol with 0.3" green color 
display Display turnoft 
with ignition “OFF” 


Ei 


GUIDES ‚754 EACH 1 M КМ 


1 M39) 1N 


1 маслан 
уматан 1 Mandan 
kM (LIC L магзосн 
LM MCN 1 MA25QCN 
1MPABCH мазы 


Lara 
мкм мое 
LM5558N. 
лз и) у»; 
LM ITAOAN 
11305 
мелоч 
Lt JION 
LM TIbUN 
мач 
імтеынн 
14148 
£M1468N 
LAM T14BSN 
cA ARON 
&4M1496H 
LASEN 
AMILLEN 
LMT586J 
LMITUDON 
LMIHORN 
міом 
RABI Re 
малон 
кмтазон 
матны 


тыы menta 
S3PSEBSBSBBESZHN 


Ae wá m 
BREF YE 


м 
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RCA LINEAR SERIES 


dis Computer Products 


5351 WEST 144th STREET 
LAWNDALE. CALIFORNIA 90260 
(213) 679-3313 


RETAIL STORE HOURS M-F 9-7 SAT 9.5 


Discounts available at OEM quantities. Add $1.25 
for shipping California residents add 6% salas tax 


1978 CATALOG NOW AVAILABLE 
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CALL TOLL FREE  800-421- 5809 ` 


I IIS ЫД: = 


FOR ALL CUSTOMERS EXCEPT CALIF. 


ae a j-- 


MICROCOMPUTER 


MICROPROCESSQR', | VHOA SUPFORT DEVICES } CHARACTER 


Fa А 295 
780 2 535 25)3 UP 

2513 DOWN 
2513 UP 1541 


E: 


HEU 
COPISD;CD 
MOMEGS? 1 
MCMB571A 
MCMBS 72 
MCMÉS r4 
MEMES 


GF DAA mm a 
FEEFEE NI- 


STATIC RAMS 
PTLO? 14501 
21102 1450 
IS 
BE! 


ы 
PEU 
= 
a) 


2101 | 
2102 
21021 
21111 
21121 
ZED SUPFDRT DEVICES 2114 
3851 1295 42004 
3887 1285 SIOE E 


WAVEFORM GENERATOR 
B038 3 00 
MC4024 1250 
56h 175 


nau hea es с 
БЕЕЕЕ ЕЕ 


55 
2g 


FA SUPPORT DEVICES 


1851 14 85 
385 14 95 


AY5-23!b 
AYS 3500 


LATE ADDITIONS 
TMS 4044 14.00 
TMS 5801 24,95 


ЖИТ 
brie 01 


5595 
$095 


JADE VIDEO INTERFACE KIT 


FEATURES $89 95 
5-100 Bus Compatible ' 
32 ог 54 Characters per line 
a 8 t 
Parallel y Composite video 
oard low-power memory 


ibi 50 e included for 
ursor, home ÖL nE oroli Graphics/ 
Cjparaéter, e É; yer case & Greek 
re 
RPP -on-white & white. on-black 


MOTHER BOARD 
13 SLOT MOTHER BOARD wifront 


panel slot 
8-100 DESIGN 
FULL GROUND PLANE ON ONE SIDE 
RC NETWORK TERMINATION ON. 
EVERY LINE EXCEPT PWR & GRD 


KLUGE ARE 
STRONG 18^ THICK DOUBLE SIDED 


BOARD 
BARE BOARD $35.00 KIT $85.00 


PERSCI DISK DRIVE FOR 5-100 
Info 2000 S-100 DISK SYSTEM IMP 
COMPLETE 


Info 2000 S-100 DISK SYSTEM 


(includes dual drive, power supply, case, 
intelligent controller, adapter, cables, and 
disk monitor on EPROM $2 650.00 


COMPLETE TDL SOFTWARE 
PKG, FOR DISK $195.00 


REAL TIME CLOCK FOR 8-100 BUS 
BARE BOARD $30.00 KIT $124.95 


GENERATORS 


75:13 O OWNIS 


KEYBÜARD CHIPS 


FLOPPY DISC CONTROLLER 


A CAPABLE LOW 


ISC. 
OTHER COMPONENTS 


мном 
G75 NHDOZ2BCN 
Б 15 
a эъ 
10 9% 
10 80 
10 Bo 
1080 
145 
wars 


PROMS 


DYNAMIC RAMS 
1103 
2104 
710A 
71078 
71078 4 


л 
е 


UM B13) 
OMAI 
nM 883. 
OM-BBH33 
OM 8835 
ЗЫ 7А SIG? 
SN 4| S368 


кім 


TMS4050 
VMS4O5D 
4096 
4116 
MM52 2H 
MM5280 KIM I 
MCOMEGG05 ETOH 
. 6520 
ШАЙТ 5 8527 
HIPS РЫ 10124 5530 оп; 
ЦЕ no: 
139% TH 16024 8920 boa 
TS GOTY 
n nos 
IM бап; 553 
1н 6403 USRT 


5 23550 


AMV А Фф on ль 
SEBZEEERIE 


a 
a 


10 BO 


JADE PARALLEL/SERIAL 
INTERFACE KIT 
5.100 $124.95 KIT 


2 Serial Interfaces with R5232 
interfaces or 1 Kansas City cassette 
interface. 

Serial interfaces are crystal controlled, 
Selectabie baud rates. 

Casseite works up to 1200 baud. 

1 parallel port. 


EDGE CONNECTORS 


8-100 Altair Spacing $4.45 
S-100 imsai Spacing $4.45 


HE PROM SETTER 


WRITE and READ 
EPROM 


1702A-2708-2716 
5204-6834 


* Plugs Directly intu yaur Al TATR IMSA] Crmawrer 


Ina dudes Nain Хоса Board and Esterno ЕРЕСИ 
Saa ket Pini 


V he EPROM Socket Epi is ennnerted i the Cam 
poler throogh a 25 Min Connector 


Prugeamining ss arconiptishert bey het SUT youre 


Diet Bead am the Program bi he. Walten an Ihe 
ТЕРС А inte yarr Processar and bet tbe (C nmpisler 
ido rhe resi 


Vise Sarbil [nil in Read EPROR» Cnntents ina 
venir Ситии 


m Sulis лг mi ludet 
* Wal 

ПЕШ 
ЕЕ 


9S auno] Л арен 
THE PROM SETTER 


KIT ASSEMBLED 
$210.00 $375.00 


$975 00 


anal Bower Supplies. toa Conmpuler dines 


as an Fahr Bia Parallel Et? 
[tef erg ess Inn ЧЛ des 


COST, APPROACH TO 


REMOTE VIDEO 


Assembled 


DISPLAY TERMINALS 


e Eut Cee! Keys Slandard 


Price Includes 


BK STATIC RAM BOARD 


250ns. $19995 
450ns. 


$150.00 


WILL WORK WITH NO FRONT PANEL 
FULL DOCUMENTATION 

FULLY BUFFERED 

S100 DESIGN 

ADEQUATELY BYPASSED 

LOW POWER SCHOTTKY SUPPORT IC S 


KIT 


250ns. $169.95 
450ns. $129.95 


BARE BOARD $25.00 


W/SCHEMATI 


ADAPT YOUR MOTOROLA 6800 
SYSTEM TO OUR S-100 8K RAM 
BOARD. KIT PRICE $12.95 


IMSAIrALTAIR 5-100 COMPATIBLE 


JADE Z 80 


—with PROVISIONS for KIT 
ONBOARD 2708 and POWER ON JUMP 


$135.00 EA, ^ 
$149.95 EA. «v 
BARE BOARD $35.00 


JADE 8080A KIT 
$100.00 kit 


BARE BOARD $35.00 
TU-1 VIDEO INTERFACE 


You will want to know about the TV-1 Video 

to Televisior Interface Kit. 

No need to buy a separate Video Monitor if 

vou already own a TV set. Just connect the 

TV-1 between your system video output and 

the TV set antenna terminals - that's all there 

is tO It - to convert your TV set to а Video 

Monitor, and at a much lower cost! PRICE $8.95 


Computer Products 
5351 WEST 1441h STREET 


t humana kay Paa Stance 
Ling and Page Eispt Sienai t 

* Aadüreaiabor Cursor Siandard 
Smith Saec lala? гинат 
aem Th to 19 2X Бра Standerd 

* Communication M ide 
НОЯ -Fk Вось 

* Interaces Panter dnlarteca 
85222 E angon 

a R$232C interface 

* Won Gigi Read Out Stisen 

r Вори Mzde Slangar 

* Тай Standard 


LAWNDALE, CALIFORNIA 90250 
1214) 679-3313 


* Block Mode 

®-Lower Case 

ө 24 Line Option 

ә and shipping 
charge is on us. 


RETAIL STORE HOURS M-F 9-7 SAT 9.5 


Discounts available at OEM quantities Add $1 25 
tor shipping California residents add 6% sales tax 


BYTE February 1978 197 


Circle 62 on inquiry card. 


qm 7 400N TTL emm BUGBOOK® a n un TT HOBBY-WRAP TOOL-BW-630 


Continuing Education Gades Sold 44 ий Thes Two рк} uuffew vw 30 ратни азим te mach 

бе пн М3 па «нй мый LI PS TTL 1 о ова ui d 

SHIEH 
SNOIN 
SNT4C2M 
SHIO 
‘SN74DAH 
571058 
SNTAGGN 
SNOIN 
SHADER 
SNY 
BHTAY0N 
Ен 
SNT4A12N 
SNT413A 
ENTANA 
SNTA16N 
SNTAVIN 
SNTANN 
SNH21N 
5N122N 
547423 
$NT425N 
SN?426N 
SNTA2?7N 
SN74?8N 
SNTMJON 
SNNN 
SWANIN 
SUTAN 
$1419 
SNTAAMQN 
SN 
ShTAATN 
SHIK 
SH UAR. 
SHMASH 
SNTAAAN 
SNIATR 
SMT44BN 
SN7450N 
SWT451N 
SN74538 
снн 
SM7455A 
SNT4GÓN 
*NT470H 


SN74180N 
SNT4 11M 
SHTA162N 
5741634 
S74 1648 
SH74165N 
5741650 
SMT4167N 
S241 70M 
5M74172N 
SN7AVI2N 
5974174 
5741799 
$874176H 
SH74177N 
SN74 179M 
SN741B0N 
SN7A181H 
SNHTEN 
SN74184N 
SN74185N 
итам 
SH74107N 
SN74108H 
50741909 
59741919 
5М741929 
SW74193N 
54741949 
SHT4195N 
SN741968 
SN74197N 
59741909 
5974190 
SN74200N 
5и742519 
‘SN74779N 


- 


a Battery Operated (Size C) 

e Wesghs ONLY 17 Qunces 

R т Wraps 30 AWG Wire ante 

Vy Pac А Кант, Онча B. rane. WANT $34 3 95 Standard DIP Sockets ( 025 inch) 

eei ie Ld tae e al e ete mes | onec рот nodo Complete with бшп bil апа sieeve 
адавас) 


жати cot, an ты R$ INC зли Made Peet 
Кы ey ATTY petunt 


wes Hun nua, eo} WIRE-WRAP KIT — WK-2- * 


Woy Киш A Rosey, ПМ E. Larson, WEG!) eoon А Tt 


Thes боа sheet you бй vie 353 tenet ty bt Pere be ute d. ciudad er eei WRAP ы STRIP * UNWRAP * 
MO ера dev сми або ind йл e vir ту м e Tool tor 30 AWG Wire 
Б Lc PE usen rettet Md солы сарм, MY we Hah наку видит ПЭ ead Бы you ee 0м аа 0 e Roll of SO FI. White or Blue 30 AWG Wire E 


ETELETTIELLILÉILILI 
UsSsUDESSSED 


мш 
г Фа ш» 


== 


Р a 0 MANUAL px ШТМ Й веат] * 50 pes. each 1", 2° 3 &4' lengths — 
Масту fer птоз ої Боо | ans Алитет giaren герин STOTT A Laona. P A Леан. maaan A Та pre-stripned wire 


$11.95 


"m WIRE WRAP TOOL WSU-30 
-— WRAP a STRIP e. UNWRAP - $5.85 


WIRE WRAP WIRE — 30 AWG 


259. тіп $1.25 SOK S195 1000. 52.95 10008 515.00 
digital rocks. Inddet trouble shooting guides, bane РА SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black. 


data phegis pnd romitiuciion ips 
WIRE DISPENSER — WO-30 
e 50 ft. roll 30 AWG KYNAR wire wrap wire 
e Cuts wire to desired length $3.45 ea. 


DISCRETE LEDS e Sinps 1" of insulation — Specity — &lue-Veliow-Whia-Red 


ли” wa. es” ds, REPLACEMENT DISPENSER SPOOLS FOR WD 30 
- ia im ~ Pat -> Specity blue, yellow, white or red $1.88/1p00l 


Yew 491 ESL DIP/C INSERTION TOOL WITH PIN STRAIGHTEN 
Gar ey age oe inserts both 14 and 16 pin packages. Pin Straightener 


Um built into Handle. 
DISPLAY LEDS МАН 6630 Commen Annde-orange 


Model INS-1416 $3.49/ea. 
MAN МЫЛ Соттоп Cathode oninge-D D 


POLARITY HT MAN 6650 Common Caihode-orinpe = 1 
МАН 8660. Common Anode orange 
yr abis id p MAN 6680 Camenon Catnode-oraóge 
КЕШ maige 125 МАҢ BHO. Common Anode-ted-D D 
Coi Сизге Im МАМ 873) Cammin Ano ted -1 
" E 2 МАЧ 8740. Common Cathode-red-D D 
Соттоп Anode-ned 2N MAN BTS Comimoo Catode- red -1 
farts Tease Nl МАН 6760 Comman Anode-ied 
ed insciis МАН B7B). Commen Cathode-rbd 
Caran ANM T4701 отта Anode ri - 1 
tera? Conme Camaie-redt 
Commun Annie end 00209 Common Сабакты) 
Сотта Сана ed ULI0T Сата Anode red 
slider EN, ÜLI Сакта Дае лез 
ук үт Dié Comman Апобечеб =] 
Common Catioór- lice 


Dum Corm Anode -mwd 
Comman Anodt-gringt "o 
Common Anede-crange tY 00749 Conmüe Camese md = 7 


ы Common Cathode ted 
Common peeing 04338 Coman Cathode-red 
pii feine ped FNO Common Cathode (FND358) 
эмн FNDBU3 — Common Cathode (FNDS00| 
Gammon Алофё-гей = 1 FNDSQ? Сотта Але {FNOSIO} 
ommen Annde -mi 1020 41 5g Dii- RHOF 
Cian mc 5082.7302 41 7 Spl Digit 8bf 
plar; pesto " SANZ FMR Sewerage character (71) 


4з 750 Оқи аит 
RCA LINEAR R-220b КЇ $19.95 


213 оте AR ser $ аз 
EE X&-3209 E 
59 Ай SSCP 155 
if КИ 2556EP i?0 
KR PRCA 4.0 11185 
4 PRASE LOCKED LOOPS 101188 
эй Тая n ХА 210 
ESS E 16.215 
анн Bas SCR AND FW BRIDGE RECTIFIERS 
FR 2567 ка ANT Cu 154 @ 4X 
2 сим 35A @ 20У ха 

IC SOLDERTAIL — LOW PROFILE (TIN) 50 TN2328 1 6A @ 200 
2548 pre MDA 980-1 124 @ 50 fW BRIDGE REC 
tE МОА 980.2 12A @ 2000 FW BRIDGE REL 


H TRANSISTORS 


м 


28224 
BHAAASSRRSSHASSALRBRSRSSRRB 


~ -y 
еы a ER m e 


шз е 


SNT4147N 
SNT4148H 
$н?41%Н 
$NT4151N 
$н2415ун 
SHIMN 
$N74155N. 
SHTATSN 
5И741579 


20% Discount for 100 Combined 7400's 


BERaüzsubRROSUBoBRRRERHSERS 


- 


SRRRERRBDSHAKESMUNGRTRALBSSABSERSER SABER ERERIsSs 


bh 


HP 5082-7400 SERIES — MULTI-DIGIT 
з 104 5 

e Ya" ht. ә Common Cathode Red 2 Digit $.49 

e 3-5 volts ve 5 mils/second 3 Digit 

e 7 segment Monolithic 4 Digit 

e [йр Package 5 Digit 


C04520 1 
мс: 14 
Ch4566 2. 
wciass3 3. 
TU яле 
74000 
74002 
74004 
7410 
nct 
74020 
"co 
tata 
74073 
7acra 
таса 
74090 
7482 
ТАС 
"CUT 
agrs 
тмлы 
742157 
740160 
"Cun 
7«C163 
742164 
74017] 
new 
7195 
aces 
юс? 


= 


TV GAME CHIP SET — $9.95 
Includes AY-3-8500-1 Chip and 2.010 mhz crystal 
(2.010 crystal — $1.95 ea/AY-3-8500-1 Chip — $8.95 ea.) 


ZENERS — DIODES - — RECTIFIERS 
vos w 
int aes EDU PN 1 АМР 
1H4006 — BOO РМ Р АМР 
1NADDO7 1000 Fry Y AMP 
1h3600 
Tias 
ыы 
184305. 
тту 
144735 
14736 
тма 
1742 
нага 
iiri 
"und 
1115 


ЁЕЕРЕРЕРЕЕЕЕЕЕЕЗ 


ыга 


BBBSSSSSUBESEERESESEEE 


sesstasseeeesekensy 
ga 


SsusEERGUEEBBEUXRUESEESQSS 
88888 


ЕЕРЕЕ SERS SSR 


Bey nis 
g 


-— 


Pree Let ef 


RRNA тә ыз ел = бә тэ ыз э m rn ы 5. 
BPARSERSCRASERBISSRSSRRBRAKS BOSE 


a Rita me m m INPS 

aaa eg 
= = ма М ыш 

FEUPLCELITI 


РЕТТЕ 
mn 
Е. 
w 
re? 


21 
2 
36 


25 a 

z / , 

n T 

45 токи 

A ; 

E rc] 

5 E 

m 5 E 
WIRE WRAP SOCKETS (GOLO LEVEL. ‚з ams 


pa CHMATSCR. 24500 


40408 и 
ж нра аю LE] 
b ТА pn 


3 pn 50 VOLT CERAMIC 
Eum 8С CAPACITORS 


50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. ши 


DII EET OEEI MEI 22 очи 22 pt 
ASST. 1 Bea NOM биш зә Оны атны абым 1Р4 WATT SS, SU PCS RA 
[I MET IM ILE T D MT * 220 pI 
ASST. 2 Bee Оны 220 0м 2770 DHA 330 DH знн тга WATT бъ 50 PCS 
аху Оны WOA бу оны 820 PM Li 
ASST. 3 Е 15A гак 2 a 104 WATT 5S, — SOPCS 0002 бат 
3X эж *ж 5e бак tert 
ASST. 4 ‚ ык HK к [^] чек 176 WATT Ps 50 PCS 22m 
ж 27K i" ик AT 
ASST. 5 INE к Бк ex 100 Iu VA WATT аъ 50PCS 22295 и 2 
150K к HN nx ухх н з 25у at mw 
ASST. 6 Ува XX ахи Ууж [d кх 1/4 WATT б» БЕРСЎ 47259 å R 28 
1м юм 154 там ?2M 6 825% 36 n 


107 
ASST, 7 Bua, 27M 33 194 LES] 564 174 WATT Ste peu a E 


ASST. BR Includes Resistor Assortments 1-7(350PCS.) $9.95 өз. MATURE ALUMINUM ELECTROLYTIC CAPACITOR 


15.00 Minimem Оліег — U.8. Fonds Only Spe Shagis + 25¢ — Send 35c Stump tor 1978 Catalog : cud 


Санюсма Residents — Add &% Sales Tar Destur Infgrmatign VE 
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74LSOO 


T 745155 
415157 
7415160 
7a 5161 
745162 
7415163 
TA S164 
7418175 
14511 
74415100 
145191 
745192 
usi 
TAL 5194 
74519 
1415253 
14,5257 
TALS 
74.5279 
745367 
7a $368 
1415870 
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49 
1021-A HOWARD AVE., SAN CARLOS. CA. 94070 ду 
PHONE ORDERS WELCOME — (415) 592-8087 Led 
Advertised Prices Good Thru February ] =ч 
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Each МЇ cona 150 wires 


7 BREAD BOARD eut ta 13 different lengths 
JUMPER WIRE KIT frome i050 


Fact evt c sinpped anc 


‘The teats are bent SP 10: 
..$10.00 / kH 


тату serio 
Woe length i$ classitieg 
by rahe coding 
АН wt is 5056 вей 22 
the wires come packed эл 
à Cdermers plasve box 
Mates with two rows of .025* sq. or 
- Ce 
hu 50 СКЕТ diz. posts on patterns of .100" 
cenlers and shielded receptacles. 
JU M PER Probe access holes in back, Choice 
ol B" or 16“ langth. 
Part Но. 
924003 -18R 18" 5 5.38 еа. 
924003-06A 6 4.78 ва. 
924005-18R m ва. 
924005 -06А 7.33 ea. 
924006- 18А 18" 10. 31 ea. 


lg JUMPER 
HEADERS 


Part No. 
923963-A 
923873-A 26 
923865 -A 40 
973875-f 

923865 -A straight 
323876-R right angle 


a INTRA- CONNECTOR 


RH ^ both straight and nght angle lunclions. Mates 
with standard ,10" x 10” dual row connectors (i.e. 3m, Alastey, 
etc } Permits quick testing of inaccessible fines. 

Part No.: 922576-26 Но. of cantacte: 26 Price $6.90 ea. 


INTRA-SWITCH 


Gauge with PVC «suut 
Wo. of Contacts — Langik Price 
26 
older to PC boards lor instant 
plug-in access via socket-connector 
jumpers. .025" sq. posts. Choice 
of steaight or eight angle. 
No. of Posts Angle 
26 straight 
Tight angie 


straight 
fight angle 


Price 
$128 ea 
1.52 ea. 
1.94 ea. 
2.30 еа. 
2 36 ea, 
2.82 ea 


g ээч 
E 525115 


x MICROPROCESSOR COMPONENTS 


CPU СОР1802 CPU 

B Bit input/Dutput MC6800 В 8t MPU 

Priority Interrupt Control MC6620 = Penph Interface Adapter 
Bi-Ditectional Bus Driver 6.95  MC6810AP1 128 x 8 Sialic RAM 
Clock Generator/Driver 9.95 MC6830L8 1024» 8 Bit ROM 
System Controller Gus Dnver 10 95 CPU 


256.1 
75:4 
02401 
ЭБ a t 
256a 4 
thud 
had 
15 


ro % 
15.95 E: 09 
©. 00 
29. 
RAM ғ 

Stal 

Slats 

БЫЗ 


232 
RES 


de nut Li dee ceded 4 
SRRRLSSSRRRSS 


AY-$-1013 


25132140; 
2511.021) 
2516 
MMS230 


Char Gen -upper case 
Спи Gm tower case 
Cras Gm 


foram 
To -State Bipolar 
2048 BI! (512 1 4 сп 256 x 8} 


Open Coltector рейн 


FCH3817 
һ\-1-%500-1 
А-5-9100 
AY-5:9200 МОР 
Mif -5-500 HADIS (74416) 
AY-5.2370. сд? 


жааш 


Featured on February's Front Cover of Popular Electronics 
Logic Analyzer КИ мын (008 Mori 10 
Model 100A mari ie rr ME 


$129.95 ки ому 


The Ponuywhtsile 103 is capable of recording data 0 алй bom autio tape without 
стеді &peed requirements for the moorde and X r$ able 10 comumunacate girecdy 
with angthet modam and terminal foe Telephone "hamenng ^ and cnmvmunecations 
{os the deal. In воо, 11 1s free of cribeal ndjusimunts and r$ buih with non pracitoo, 


айу avallabie parts 

Ста Tranemissien Method Kiaquency-Shit Keying, hdl-dupiaz jhall-duples 
selectable] 

300 Baud 


„Аврал ца Sanal [nitum Io тал Не фм] 


between each гага). 
Recaro Canmi тнл -. 2025 He lor space; 2225 He lor mark 
Traramh Channel Frequenelén . Swatch solectable: Low (normal = 1070 spare. 
1270 math. High = 025 spaca, 2225 mark 
Racers батни 
Тете Lenat ..... 


46 dbm асосн coupled. 

-15 dtm тдтила! Adpusiadée trom -# бз 
Recolve Frequency Tolerasco .. 
б!з! баш tntertece .. 


Maabmam Cale Gate. 
Date Formal . 


ю -20 dom. 

Frequency (piargnca automatically adjusts 10 
ow lor operation between 180 Hz and 2400 Ht 
ЛЛА 5.2320 04 20 тА turent loop (receiver is 


гад componen mount on а single $° by V 
printed circuit board АЙ components inctuded 
‚ Frequency Counter and/or Dscilloscope to akon 


NEW! BULB- ENERGY SAVER 


BULB-ENERGY SAVERS used for years by 

major industrial users — now availabie for 

home or office use. Bulb Savers can cut 

dectrical bilis by as much as 3%. 

GULB-SAVERS lengthens light Ме by 

1. Acting as an elecirical "shock ab- 

sorber'', turns tha bulb on siowdy, еіп 

ing the “thermal shock". Aub Me increases 

300 percent. 

2 Banhhes Curent “Surpes'' Cushions 

lins voluge surges when other fonds cut 
10* "m line. 

BES-1 ды. 1.2800. 3. Reduces Energy Consumption 


UE 
Lori! 


" 


n 


Bufo lasts J oc 
more times konger 
Fits Standard Socket 
a ge 


$229.00/kit 


DIGITAL STOPWATCH 


аваа wm о0о eTM UD DIT 


Permits instant line-by-line switching for diagnostic ог QAF Mesei 100^ exsemhied 125.00 
testing. Switches actuated with pencit or probe tip. Matas with. Analyzes any type of digital system 
standard 10" x 10" dual-row connectors. Low profile design. fe Checks data rales in excess of B 
Switch buttons recessed to eliminate accidental switching million words per second 
Part Ho.: 15-26 No. ol contacts: 26 Price $13.80 ea fe Trouble shoot TTL. CMOS, OTL. RTL. 
C R Y S I A L S Schottky and MOS lamiies 


e Displays 16 logic states up to 8 digits wide 
THESE FREQUENCIES ONLY 


ohn 


a 


— 


Pata ә 


а See ones and zeros displayed on your 
CAT, octal or haxadecimal format 

=. Gn — рта « Tests circuits under actual aperaling conditions 

e Easy lo assemble — comes with stap-by-stap construction 

manual which incudes 80 pages on logic analyzer opetalion. 


(Mode! 100A Manual - $4.95) 


PARATROWICS TRIGGER EXPANDER - Model 10 


Adds 16 adddonal bis Provides digital detay and quaificalion al Input clock 
and 24-60 inggar word — Connects direct 10 Modet 100A Toc integrated unit). 


MALI 
Cro 2 000 Мну HC33 uU 
Сї? Ot 2 010 MH: 

ЗА 3 000 MHz 

MILI 5 000 ^tHz 

C125 `0 000 Hz 

Cuts "47188 Mee 

CY "6 OOG MHz 

C221 20 000 Мн; 

CY308 32 000 Mhz HCIBU 


CONNECTORS 
PRINTED CIRCUIT EDGE-CARD 


156 Spacing-Tin-Doubte Read -Qut 
Bilurcated Contacts — Fits 054 10 .070 PC Cards 
PINS (Solder Eyelet) $1.95 
PINS (Solder Eyelet) $2.49 
PINS (Solder Eyelel) $2.95 
PINS (Wire Wrap) $6.95 
50/1004 (100 Suona PINS (Wire Wrap) $6.95 
25 PIN-D SUBMINATURE (RS232) 
DB25P PLUG $3.25 
08255 SOCKET 54.95 


em Шнклт SINKS - Б 


205-CB ium Copper w-black finish for Т0-5 $ 125 

291- 36H Aluminum tor 10-220 Transistors & 
Regulators 

680-.75A Black Anodized Aluminum for T0-3 

Dude 4 — Black Anodued Aluminum — predriied 
mounting holes for 10-3 — 4% x 1'ax2" $1.75 


Etching Kits 
32 X A-1 


$ .25 
$1.60 


{cannot be shipced ve ain 
PC ih Matenas ка 
enough for 5 сиси? boards 
27 X A-1——— воне Cuco ки 
Plughaards Comeet ts — any 208 vate 
3562 ———— 63x 45X 1 18 Eposy quss 

Paten 44 P C. Tahs-speced 156 

22144 Май connector toe plugbosed — 
B800V 


22 pin double ryadout 
Uniegrsal Miceccamp ules Processor 
phaqurdid — Eger, Mass Comrquele 
С) beater wilh finals at агч Radwa 
5 3133 10 X 1 66 cuope: chad 
AS 1/16 VECTOR BOARD 
E GI Mole Sparing 
Pan No 
барча DG2XXEXP 
169P44 ОВ2ХХХР 


$29.95 ea. 
$ 9.95 ea. 
$ 6.95 ea. 


$ 2.05 ea. 
519.95 ea. 


bi 
J 


PENOLUIC 
EPOKY 
GLASS 


LEERE TTS 
5SSEEZET 
Og 6 пә нә о O 
SRBSRRE 5 


Emay GLASS. 
COPPER FLAD 


$3.95 ea. 
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« Times to 50 ments 59. 
e Crystal Controllad Tee bs 
» Taree 
‘Temes Singe Evert — Sou 5 Tayor 
ө 5484$ x215 x 90 144 ounces] 


Kit — $39.95 
Asaambied — $49.95 
Heavy Ошу Carry Caso $5.95 


Slop Watch Chip Only (7205) 


Ярис n 
e e Some applications are: • Uses 3 Роме Сиз 


— Troubleshooting microprocessor 
address, msiructión, and data flow 

— Examine contents of ROMS. 

— Tracing operation af control logic 

— Checking counter and shili 


Е x 
$19.95 


register operation 
== Momtonng 170 sequences 
— Мапуто proper system operations 
Gunn testing 
Medal 10 Kit — $229.00 


pend - э № 


БОФТ] 3veDipit Portable DMM 


100 MHz 8-Digit Counter 


МЮ) Range о Four power soucas, i.e 
б Ds Чон "7 d baitedes, 110 он 220V wlth 
eog e Cryttai-contm ты! charger 12V. wilh auto 
* Um, Vs 0 1 ohm сют f o tyly Asorat lighter adapter aed external 
© Overmqe mating a Portable — completaty 7 2-10V powes зорду 

€ 10 meg oui imonámor зай -contyined 

« Se — 178x739 
+5 

— 


Resistance 0-10 meg ohn 
fae LEERTE 


Accaccories: 

$99.95 AC Adapter BC-28 — $9.00 
Comes with test Rechargeable 
leads, opening manus Batteries SP-28 20.00 Ellinor 
and spara fuse. Carrying Cass LO-28 7.60 | uss ito vac 


CONTINENTAL SPECIALTIES 
PROTO BOARD 6 Other CS Proto Boards 
PB100 - 4 5" x 6" 5 19 95 
P8101 - 5.8" x 4.5" 29.95 
P8102 - 7" x 4.5" 39.95 
РВ103 - 9° x 6" 59.95 
PBID - 9.5" x 8" 79.95 
РВ203 - 9.75 x 6 x2% — 80.00 
PB203A - 9 75 x 6% x 2% 129.95 


$84.95 


Model 2800 ACCESSORIES FOR MAX 100: 
Mobilis Charger Elkminator 


Via утат from car battery Moda) 100 — CLA 13.96 


PROTO CLIPS 


14 PIN $4.50 
16 PIN 4.75 
24 PIN 8.50 
40 PIN 13.75 
DESIGN MATES 
DMf - Circuit Designer 
$59.95 
DM? - Function Generator 
$74.95 
DM3 - RC Bridge 


$15.95 
(8° long X 4" D 


for OTL, HTL, TTL or GMOS Device 


mm ar a STRIPS 


See ever Ceo 


bus Mop 
Ln 

bus sirip 
350 

bus Мер 
180 

120 

80 

70 


xpenmentor 300 $ 9.95 
Expenmentor 600 $10.95 


Spec Sheets - 25е — Зәм 35e Stamp tor 1978 Catalog 
Dealer Information Avaitetie 
1978 


ee 
ames “w 


AVAILABLE 
1021-А HOWARD AVE., SAN CARLOS, СА. 94070 
PHONE ORDERS WELCOME — (415) 592-8057 
AMévartiped Pritae Good Ther February 


$5.00 Minimum Order — U.S. Funds Onty 
Calltorais Residents — Add 6% Sales Tax 


Modal 10, Ает! — 3295.00 


MAK-100 $134.95 


Medal 100 — CM $4.96 [ 


3'2DIGIT ОРМ KIT 


e New Bipolar Unit e Auto Polarity 
e Auto Zeroing e Low Power 
e 5" LED e Single IC Unit 


Model KB500 DPM Kit $49.00 
Model 3010-0097 Power Kit $17.50 
пите; 016 a'r 11 latis a 
MANI? gh Brsphifess теж and Ihe 
„1-0 
e ABCDEF 


The JE TOY п. 4 юе posi digilai Cock. bur 
A 1 жана vena dii ah d. 
Woe a саар 
ww Ктому $16.95 
HEXADECIMAL 
ENCODER 19-KEY PAD 
e Shift Key 
« 2 Optional Keys 
$10.95 each 


63 KEY KEYBOARD $29.95 


tatum 63 


neoder Cbip | 
Encoder Сма Imot t Versi 


JE803 PROBE 


The tape Piode vi à und whch i$ tos Pe mos! py 

mdespenshie эл trouble shogheg tog mis 
TR OTL RTL CHOS ti deres ihe power a 
Reeds 10 opeiste directhy 011 oF Ihe сголі unge 
les! dreeing а Scand 10 mA man fuss а MANI 
readout 10 datate any OF The Iotowmng smes ty 
these буттн (M). 9 О. оС) P. The 
Probe can defect оп Irequency putses 13 45 ММ: 
V can tbe used al MOS tevets oF cucud damage 
wit usu 


$9.95 Per Kit 
printed circuit board 
TAL БУ 1A Supply 


This а noura TTL power supe usag the wre angam 
ІМЗО ragutrtor IC lo power а sod 1 АМР 0 quartet 15 
wets We ty o make [Tange 2 Wer poo бү providing 
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SOFTWARE 


Chess Program for SOL and KIM-1 


200 


This remarkable chess program runs 
in about 1 K bytes of memory on the 
KIM-1 microcomputer, yet plays an 
acceptable level of chess. Мо extra 
memory or peripherals are needed for 
the KIM-1 version; the buiit in hexa- 
decimal keyboard and display are used 
to enter the player's moves and display 
the computer's replies. Another version 
of the program is tailored to the SOL 
computer, and enough documentation 
is provided to enable the user to adapt 
the appropriate version to other 6502 
and 8080 based computers. The com- 
puter can be set up to play white or 
black, and can also play against itself. 
The program will follow a book opening 
which can be changed by the user, and 


Data File Program 


Practical Programming Company, 
POB 3069, North Brunswick NJ 08902, 
has introduced a program product called 
the "Data File Program," designed for 
the 8080 or Z-80 processors and as- 
sembled to start at either address 0 or 
address 2000. This program is a form 
of editor which uses memory to create 
named files of data, with each file 
consisting of a number of records, The 
program includes a search feature, as 
well as facilities for editing data, This 
1024 byte program is available for $10 
(specify which origin, hexadecimal 0 or 
2000, with your order),@ 


Circle 656 on inquiry card, 


Word Processing System for 
iCOM Floppy Users 


This word processing system features 
text filling and justification, line cen- 
tering and underlining, page numbering 
and top and bottom page titles, and 
variabie line spacing. It comes in hexa- 
decimal ASCII format on a data diskette 
ready to run under iCOM's FDOS Il or 
IH. Input to the word processor is 
created using the FDOS text editor, and 
formatted output is written back to a 
diskette. A driver for the Anderson 
Jacobson A] 841 Selectronic terminal 
is also available. The package is $235 
from Ortronics, 4753 Irvine Av, М 
Hollywood CA 91602, (213) 763-0404.m 


Circla 657 on Inquiry card. 
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data is provided for the French Defense, 
Giuoco Piano, Ruy Lopez, Queen's 
Indian and Four Knights openings. The 
level of the computer's play can be ad- 
justed so that moves on the KIM-1 take 
3 seconds ("super blitz"), 10 seconds 
("blitz") or 100 seconds ('normal"). 
Because of size constraints the program 
doesn't handle castling, en passant 
captures and queening of pawns, but 
provision has been made for the user 
to manually execute these moves for 
either side. The program documentation 
includes a complete player's manual, a 
programmer's manual with a discussion 
of the playing strategy and method of 
analysis, basic flowcharts and state 
variable definitions, instructions for 
modifying the input and output rou- 
tines, and suggestions for implementing 
strategy improvements, A commented 
assembly source code listing with symbol 
table and cross references is included, 
as well as a hexadecimal object code 
dump. The MICROCHESS program is 
available on a KIM-1 cassette for $13, 
on a SOLOS CUTS cassette for $18, and 
on paper tape for other 8080 based 
computers for $15, from Micro-Ware 
Ltd, 27 Firstbrooke Ва, Toronto 
Ontario CANADA M4E 2L 2,8 


Circie 653 on inquiry card. 


Assembly Language Aids for 
North Star Disk Users 


The XEK package includes an 
assembler, autoline editor and disas- 
sembler, all using the North Star Disk 
Operating System for disk and terminal 
IO. Source and object programs can also 
be loaded from Tarbelt format cassette 
tapes or from Intel hexadecimal format 
paper tapes, As many as six source or 
object files may be simultaneously resi- 
dent in programmable memory. XEK 
comes with a user manual for $48 from 
the Byte Shop of Westminster, 14300 
Beach Blvd, Westminster CA 92683, 
(714) 894-9131. 


Circle 658 on inquiry card, 


Get Your Editor and Operating 
System in a Poly Bag 


Here's 8080 software offered on 
cassette and paper tape media, packaged 
in polyethylene bags. Offerings include 
the EDIT 3.0 text editor ($22.50), the 
COS 1.0 cassette operating system ($75), 
and the SOS 1,0 small operating system 
($15) which includes utilities for the 
Tarbell cassette interface and Oliver 
paper tape reader. The SOS 1.0 and 
EDIT 3.0 user manuals contain 4.8 and 
56 pages respectively. Dealers may place 
single quantity orders at the dealer dis- 
count to try the software and look over 
the documentation. Contact LSM Engi- 
neering, РОВ 3243, Orange CA 92665,0 


Circle B71 on inquiry card. 


BUGBOOK Writers Write Debug Book 
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DBUG: An 8080 
Interpretive 


This 100 page paperback, first in 
the BUGBOOK Application Series on 
assembly fanguage programming, de- 
scribes an interpretive debugger pro- 
gran for the 8080 which enables the 
user to enter and modify a program 
in memory and single step through 
program execution. The DBUG pro- 
Eram was written for reading and 
punching paper tape on a Teletype- 
writer, but the IO routines can be easily 
changed te accommodate other peri- 
pherals. DBUG resides in 1 K bytes of 
memory, and a bootstrap loader for the 
DBUG: An 8080 Interpretive Debugger 
and hexadecimal listings of the DRUG 
program are given in the appendices. 
DBUG: Ап 8080 Interpretive Debugger 
sells for $5 from E&L Instruments Inc, 
61 First St, Derby CT 06418, (203) 
735-8774.M 


Circle 654 on inquiry card. 


А Personal Data Base 
Management System 


This data base management system 
should be useful in many applications 
where information must be stored, 
retrieved and modified. Commands are 
provided to create files, add, delete or 
list records in sequence or selectively, 
change fields within existing records, or 
search fields for a string or for integer 
values. The current system is designed 
for an Altair 8800b computer with one 
or two floppy disks and a minimum of 
32 K bytes of memory, The PDMS 
system is supplied on an 8 inch floppy 
disk for $795, including a 40 page 
manual which contains a source listing of 
the program. The manual, which illus- 
trates typical applications of the system, 
is available separately (without the 
source listing) for $20, from the Micro- 
ware Division of Physical Biological 
Sciences Ltd, POB 47, Blacksburg 
VÀ 24060, (703) 951-9469. 


Circle 656 on inquiry card. 


WIRE WRAP WIRE 
TEFZEL blue #30 Reg. price 
$13.28/100 ft. Our price 100 ft $2.00: 


mu 500 ft $7.50. 


TOUCH TONE ENCODER KIT MULTI COLORED SPECTRA WIRE 


Footage 10' 50' 100' 


Simplicity itself to complete. No other parts required, no B Cond. #24 $2.50 9.00 15.00 


crystal required. The back of the touch pad has etched & 12 " 22 300 1100 18.00 
drilled PC board and you solder the encoder chip to it. Add 14 " 22 350 13.00 21.00 
your own small speaker & 9 volt battery and you are done. 24 " 24 500 20.00 30.00 
A touch of the pad produces the proper tone signal from 29 " 22 7.50 28.00 45.00 
the speaker. We furnish schematic and instructions. Great savings as these are about 1/4 
SP-149-B $12.95 book prices. All fresh & new. 
TOUCHTONE ENCODER CHIP LAMBDA POWER SUPPLIES 

Compatible with Bell system, no cry- LM-D-12-OVP 12 volts DC 10 amp 

stal required. Ideal for repeaters & $60, LV.EE 5-OVP 5 VDC 74 Amp 

w/specs. $6.00 $75.00 


VIATRON CASSETTE 
DECKS 


The computer cassette deck alone 
$35. Set of Control boards for 
above $40. 


VIDEO DISPLAY from Viatron systems. Accepts 
composite video signals. 9 inch transistorized 
CCTV black & white CRT monitor. Ready to go, 
checked out. 115 volt AC 60 cycle. With circuit 
diagram. 

$75.00 


FAST CHARGE AA NICADS $1.25 each 


IR NIGHT VIEWER $199.00 


Custom made, complete with light source & viewer in one 
piece. Comes with carrying strap. Ready to operate with 6 
volt lantern battery. Guaranteed by the manufacturer. See in 
total darkness. Great for scientists, viewing nocturnal animals 
& birds, criminal investigation . . . observe without being ob- 
served, and a ball for just plain snooping!!!! Sorry to say but 
no shipments to Calif. (lens may vary slightly from pic) 
SPL-21 $199.00 


Please add shipping cost on above. Minimum order $10 


// FREE CATALOG NOW READY # SP-10 
P.O. Box 62, E. Lynn, Massachusetts 01904 
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Backgammon, Anyone? 


This backgammon board comes with 
something extra: a built-in opponent in 
the form of an Intel microprocessor con- 
trolled by a program in read only 
memory. The program generates random 
dice rolls, interacts with the playing keys 
and is said to base its moves on an ana- 
lysis of the current board position using 
game theory and probabilistic methods. 
The backgammon game should be 
available in many retail outlets, and has 
been selected for inclusion in the 
Horschow's Collections and American 
Express gift catalogs. Priced at about 
$200 retail, the game is produced by 
Texas Micro Games Inc, 6230 Evergreen 
E, Houston TX 77081, (713) 
778-9547.» 


Circla 572 on inquiry card. 


6800 Based Microcomputer 
Trainer from Heath 


The ЕЕ-3401 self-instructional course 
provides tutorial material and hardware 
and software experiments in micro- 
processor operation, interfacing and pro- 
gramming. The course is designed to be 
used with the ET-3400 microprocessor 
trainer, which features the 6800 micro- 
processor, 256 bytes of programmable 
memory, 1K byte read only memory 
monitor, and a 6 digit hexadecimal 
display and keyboard. Breadboarding 
sockets permit fast construction of 
experiments and special prototype cir- 
cuits. The EE-3401 course and ET-3400 
microprocessor trainer, priced at $89.95 
and $189.95 respectively, are described 
in a free catalog avallable from Heath 
Company, Dept 350-460, Benton Harbor 
MI 49022, (616) 982-3236.n 


Circle 578 on inquiry card. 
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MISCELLANEOUS 


Low Cost Power Surge Protection 


Has your computer ever lost its mind 
and memory during an electrical storm? 
This line cord transient suppressor will 
absorb repeated power surges from light- 
ning or heavy duty electrical equipment, 
protecting delicate electronic circuits. 
Available in two prong ($11.50) or three 
prong ($14.50) plug form, these units 
can also be obtained with integral power 
line hash filtering, from Electronic 
Specialists inc, POB 122, Natick MA 
10760, (617) 655-1532.» 


Circle 573 on inquiry card. 


Paper Feeder for Word Processing 
Printer 


ji 
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This device eliminates the manual 
task of inserting fresh paper and re- 
moving typed documents from a printer 
in high volume word processing appli- 
cations. The SpeedFeed interfaces to a 
Qume daisywheel printer, inserts sheets 
into the printer’s platen, removes com- 
pleted sheets and stacks them in an 
internal hopper. The hopper can hold 
up to 180 sheets of paper in sizes up 
to 12 by 14 inches (30.5 by 35.6 cm). 
Sensors automatically detect an end of 
paper condition. The SpeedFeed is 
$1390 in single quantities with 90 day 
delivery; substantial quantity discounts 
are available, from Qume Corporation, 
2323 industrial РКу W, Hayward CA 
94545, (415) 783-6100.a 


Circle 579 on inquiry card 


Low Cost Logic State Analyzer 


' А 
кага: 141 m 
LLIIITITT LEE T an 


— 


The Model 100A logic state analyzer 
is said to be the lowest priced data 
domain instrument available. The basic 
unit operates as an 8 channel stand alone 
analyzer, offering a 16 word truth table 
display of ones and zeros on an ordinary 
oscilloscope, post-trigger and pre-trigger 
data collection, hexadecimal and octal 
formats, and both snapshot and repeti- 
tive display presentations. The Model 
100A can be mated with the Model 10 
expansion unit on an optional baseplate 
to provide a 24 bit logic analyzer capable 
of monitoring a microprocessor's full 
address and data bus. The expanded 
package also provides a user program- 
mable digital delay for paging through 
programs up to 1000 steps lang and 
a pass counter for monitoring loops. 
Selected bus operations can be captured 
and displayed with the clock and trigger 
qualifiers on the combined package. 
The units can be used with a variety of 
logic families and are capable of handling 
data rates In excess of 8 megabytes per 
second. The Model 100A basic unit 
and Model 10 expansion unit are each 
priced at $295 assembled or $229 as 
a kit. The optional baseplate is $9.55, 
and a separate owner's manual is avail- 
able for $4.95, from Paratronics Inc, 
800 Charcot Av, San jose СА 95131, 
(408) 263-2252.a 


Cucte 576 an (түштү card 


Upgrade Kit for PolyMorphic 
Systems Users 


The Poly 88 Disk Kit contains all 
mechanical parts and electronic assem- 
blies needed to convert a Poly 88 micro- 
computer into a new System 8813 disk 
based system, The kit includes a chassis, 
walnut cabinet with brushed aluminum 
front panel, a 10 siot backplane, power 
supply and fan, floppy disk controller, 
2K bytes of read only memory, one 
floppy disk drive and rwo system disk- 
ettes. The conversion kit costs $1450 
and is said to take only a few hours to 
install. Up to two more disk drives may 
be added at a cost of $590 each. The kit 
is available from PolyMorphic Systems 
inc, 460 Ward Dr, Santa Barbara СА 
93111, (805) 967-0468 or from Poly- 
Morphic Systems dealers. a 


Cucle 577 on inquiry cand. 


Fantastic Savings 
on Terminal Components 


We have obtained a fairly large supply of professional CRT video monitors, encased in attractive 
metal cabinets with a simulated mahogany finish. We do not know the bandwidth capabilities of these 
12" (diagonal! units; we have used them, however, to test our 24 x 80 video display board and have 
found them perfectly satisfactory. These units were manufactured for one of the largest data com- 
munications firms in the country. We are not allowed to use the name, and the nameplates had to be 
removed. Many of you have probably seen these units functioning. They are equipped with a standard 
video connector and have all the normal controls. They operate at 110 V, 60 cycles. 

The units are in reasonably good condition cosmetically, although nearly all of them have a defect 
in the plastic anti-glare screen in front of the CRT tube. This screen could be readily removed or 
replaced. 

We estimate that these units would sell new for between $150 and $200. We are offering them 
for sale in both functional and non-functional condition. 


12CRT Used, operable* .... $ 5995 


12CRTNF Used, complete, 
known non-functioning ..... $ 3995 


“Units have been tested but are sold as-is. They are not rep- 

resented as reconditioned units and may require minor 

repairs or adjustments 

Add the following charges for handling-shipping-insurance: 
^D Eastern Time Zona $3 Central $4 Mountain $5 Расію 


MiniMicroMart, Inc. also stocks a complete 


line of kits for building video display units. 
Write for information 


COMMERCIAL MODEMS — Limited 


Supply — Acoustical coupler type and direct 
hard wire varety Both operate at standard Bell 
Telephone frequencies, at up to 300 baud; they 
are Bell 103 compatible They appear to be in 
new or equal to new condition, They are in 
tended for communicating from a terminal to a 
time-share computer. Standard RS232C type 
connectors are supplied 


2 


KEYBOARDS — Limited Supply 


MDACP {acoustical ...... 5 59.95 Attractive communication n cepi KBN А 
1 : some in cases which match the monitor shown brand new, іл сазе........... 37.95 
MDHW thard wire]. . .. . .. 44.95 shove They ate not ASCH encoded but the KBU used | 
MDACP-NF (used, suspect coding could be changed in software with used, IN сазе..........+..... 27.Э5 
nor-functional) .......... 39.95 PROMs id py anes the оү an an n KBUD used, in case, minor 
_ coding | ey key switch modules are o cosmetic Четесїб................ 22.95 
МОНУУ-МЕ lused, suspect 24.95 Cherry manufacture with an excellent feel. А KBUNC Ў 
LES BE RATER TS Е schematic anc limited modification information used, no case... ......... 19,95 
Add $2 tor handling-shipping-insurance is supplied Add $2.50 for handling-shipping-insurance. 


Write for free 64-page catalog featuring hundreds of items for minicomputer systems. 


MiniMicroMart, Inc. 1618 James Street, Syracuse, N.Y. 13203 (315) 422-4467 
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Pius $3.00 handling charge. California residents add 6'/2% sales tax. 


Q ASSEMBLED AND TESTED 


s|2ued Desay элд [ESJ9AIU() 


SYNC PULSE AND LEVEL 
3. 20 MA OPTO-ISOLATED CURRENT LOOP, POLARITY INDEPENDENT 


4. EIA RS232C 
Yr SINGLE +5 VOLT 300 MA (NOMINAL) POWER SUPPLY 


*r INDUSTRY STANDARD 2 KEY ROLLOVER ENCODER 
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2. BUFFERED 8 BIT (TRI-STATE LATCH) PARALLEL OUTPUT WITH VALID DATA 


RATE FROM 110 TO 9600 BAUD 


1. SERIAL TTL LEVEL 
Yr FLEXIBLE PARITY 


UPPER/LOWER CASE 
ýr FACTORY SET AT 110 BAUD BUT EASILY ADJUSTED BY USER TO ANY BAUD 


REPEAT KEY 
Yr REPEAT KEY REPEATS AT CHARACTER RATE 
ӯ LED INDICATOR FOR SHIFT-LOCK KEY ELIMINATES CASE UNCERTAINTY 


Yr ANSI — COMPATIBLE KEY SET; FOR SLIM-LINE “HIDEAWAY” PACKAGING 
fr 24 PIN DUAL — INLINE CONNECTOR 


*r SEGMENTED SPACE BAR ALLOWS FAST MULTIPLE-SPACING WITHOUT 
yy USER SELECTABLE UPPER CASE ONLY (KSR/ASR/33 REPLACEMENT) OR 


Tr LOW PROFILE CASE (OPTIONAL) Available Mid-December 


$5979 
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[415) 861-1345 
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COMPONENT SALES INC 
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98-12 
Card Extender has 100 contacis — 50 
per Side on 125 centers — Allached | 
Connecior — is compalible with 8-120 
Bus Systems > c — $25.00 | 
3690 5.5" 22/44 pin .158 etrs. Es- 
lenders 


MSTS му 
БА ISCOPE $299 
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54PA4.082Y Я 
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| Epoxy Glasa 


PART kO. 
ыт PRICE 
UPa toa 45x65" атр 
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Classified Ads 


FOR SALE: 2708 programmer with prepro- 
grammed PROM. Plugs into KIM-1 expansion 
connector and uses K-1 and K-2. Includes 6530 
PIA, $95. —5, 12, 26 V power supply, $45. James 
Grina, 1284 Fifield РІ, St Paul MN 55108. 


WANTEO: Manual or timing information for a 
Burroughs АББО punch. Н Six, 30725 Tennessee, 
Roseville MI 48066. 


FOR SALE: Minicomputer, Digital Equipment 
PDP8-L, 4 K x 12 memory, Teletype IO, with 
completa original documentation, spare parts and 
much software $500. Hewlett-Packard 120A 
oscilloscope excellent condition with manual 
$100. Viatron cassette drive $15, Gary Hansen, 
РОВ 1337, Ft Davis TX 79734. (915) 426-3331. 


WANTED: Datapoint 2200 processor version 2, 
used, for reasonable prica. Send details by air 
mail to Carl DuBois, 69 Nasul, Malaybalay, 
Bukidnon 8201 PHILIPPINES. 


FOR SALE: BYTE number 1 for $10, BYTE 
numbers 2, 3, 4 and 5 for $5 each. These BYTES 
are now classics. All magazines in mint condition. 
Will ей any combination. Please send money 
order to D Mathews, РОВ 469, Lynden WA 
98264. 


WANTED: BYTE issues, June 1976 to March 
1277. Evan H Foreman, РОВ F, Mobile AL 35601. 


FOR SALE: Two running bit 483 — 16 K core 
memory minicomputers and an extra 4 K x 10 core 
memory (with all drivers and ps). Over 150 com- 
puter programs, including FORTRAN, timesharing 
on paper tape (source and object tapes) for the bit 
483, al LBOs, wire list, some PCB negatives, 
almost complete set of tested spare РСВ for bit, 
all above only $2500 РОВ Phoenix, Raiph 
Greenthel, S009 E Windsor Av, Phoenix AZ 
85008. 


SWAP. For computer of equal value: Heathkit 
HW-100 5 band radio, 10 thru 80 meter 180 W 
SSB/CW transceiver, converted to cover 11 meter 
CB in addition, AC power supply, speaker console 
and 4 BTV HUSTLER antenna. Perfect condi- 
tion. Aan Dudeck, 1504 W | St, Ontario CA 
81762. 


FOR SALE: Honeywell 200 computer, tape 
drives, line printer, card reader; Dura Mach 10; 
Bendix G-15; Royal LGP-30. For details send 
stamped self-addressed envelope to S Lang, 730 
Bridge, Apt 7, Davenport JA 52803. 


ASSEMBLED SHERE BOARDS FOR SALE: 
CRT/1, CPU/2, 16 K memory. Contact Richard 
Likwartz (307) 362-6316. 


Readers who have equipment, softwere or other 
items to buy, sell or swap should send in a clearly 
typed notice to that effect. To ba considered for 
publication, an advertisement should be clearly 
noncommercial, typed double spaced on plain 
white paper, and inciude complete name and 
address information, These notices are free of 
charge and wilt be printed one time only on a space 
available basis. insertions should be limited to 100 
words or lass, Notices can be accepted from 
individuals or bona fide computer users clubs only. 
We can engage in no correspondence on these and 
your confirmation of placement is appearance in 
an issue of BYTE. 

Pleasa note that it may take three or four 
months for an ad to appear in the magazine, B 


BYTE February 1978 


WANTED: Issue number 3, BYTE, November 
1975, in good condition. Vincent M J Sumoski, 
A6-10 Lehigh Av, Gloucester His NJ 08030 
(609) 456-4298. 


WANTED: Sack issues o! BYTE. Issues 1 thru 10, 
12 thru 13, Volume 2, Number 2. Good condition. 
John Serry, 1520 Aberdeen Av, Baton Rouge LA 
70808. 


FOR SALE IMSAI 4 K EROM board with 
EROMS. Never used, $350. Associated Electranics 
PROM burner (burns 1702 and 8702 EROMS) 
with power supply, $260. J Williams, 2415 Ansdel 
Ct, Reston VA 22091. 


FOR SALE TVT-3 Terminal, never used. $95 or 
best offer takes. Also, I'm selling an ASCII key- 
board with MOS encoder, adjustable parity, etc, 
for $20 "hike new.” David Tucker, 23681 Marlow, 
Oak Park MI 48237 Ог cali atter 4 00 (313) 
967-3130 


TELEPRINTERS FOR SALE Model 15 (Baudot) 
with table, S65; Mode! 28ASRs. KSRs or ROs 
(Write); Model 33ASR with modem, S675. Some 
Model 35 (ASCII) equipment. Parts and supplies 
(paper, tape, ribbons). Model 33ASR wiring 
diagram packet, $5.75, Моде! 33 conyhalders, 
$14; Mode! 33 readers and parts (write). Send 
SASE for complete fist. Lawrence R Plleger. 
2141 N 52nd St, Milwaukee WI 53208 


USED COMPUTER ТАРЕ FOR SALE. Standard 
V; inch tape, 9 level 1600 bp: on 2400, 1200 and 
600 foot reels, Came from a large data center 
which just switched computers Also have about 
100 old 2 foot by 2 toot programming boards 
plus several boxes of jumper wires Also four boxes 
of hardware for raised computer room flooring. 
Call (904) 575-2183 or write Loren Moltedo, 
2636-273 Mission Rd, Tallahassee FL 32304 


FOR SALE ASR-33 Teletype with stand, paper 
punch and reader, for data 1610 modem, and 
documentation for all. $775. Russ Tremain, 1324 
Mission St, Santa Cruz CA 95060. (408) 427-3656 


FOR SALE Brand new 4 K EROMS, type MM- 
5204AQ 512 x 8 bit uV erasable, 750 ns, with 
rubber carriers and data sheets. 56.50 each, or all 
12 (6144 bytes) for $75. Steven Hain, 40 Wilshire 
Dr Sharon МА 02067 1617) 784-3374 weeknights. 


FOR SALE Tektronix RM15 oscilloscope with 
instruction and maintenance manual and new 
probe. Asking 160; | am willing to trade for a 
terminal (апу {уре} ог memory. Phitip Kaaret, 
1113 E State St, Ithaca NY 14850 (607) 272- 
9119. 


WANTED: Any or all of the following issues of 
НР-65 KEY NOTE volume 1, numbers 1 thru 5 
and volume 2, number 1. Also interested in EE 
Pacs 1 and 2 and MATH Pacs 1 and 2 {software 
for discontinued НР-65) Will pay any reasonable 
price. James Damon, 1619 King St, Alexandria 
VA 22314 


FOR SALE. First four issues of BYTE (September 
thru December 1975) in new condition, Gest offer 
over S20. Only highest bidder notified Robert 
Kindi, 26 Russett Or, ЯО =3, Allentown PA 
18104. 


FOR SALE: IMSAI MPU-A board with docu- 
mentation and Intel 8080 User's Guide, all ICs are 
socketed, brand new, carefully assembled and 
tested, 5130. Also four memory boards: two 
Vector 8 K static, $225 each, two MITS 4 К 
dynamic, $100 each and MITS 2 SIO board, $135. 
For more information call 1518! 456-8717 or send 
SASE to Michae! Favitta, 4 Sherwood Forest Rd, 
Albany NY 12203. 


FOR SALE OR TRADE: Онна! Group PHI-F 
assembled interlace far cassette storage system. 
Purchased at $195, never opened or used, guar 
anteed brand new. 6400 bps rate, search speed 
100 inches per second, recording density. 1600 
FCPI Test program tape, instruction manual, 
and board connectors included. First cashier's 
check or money order for S135 takes it, А150, 
will take best cash offer or trade for scope, DYM, 
Or camera a! equal value if not purchased out- 
right. Let's make a deal! Mark Anglin, $29 Mills 
Rd, Wadsworth OH 44283. Phone (2161 336-5769 


FOR SALE: Complete IMSA! 8080 System, 22 
slot motherboard with ten connectors and fan; 
TOL 16 K memory board (250 п}, MIO board 
with cables; Processor Technology VDM board; 
Honeywell keyboard, ХАМ 100% solid stare TV 
with video hookup; 2708 PROM Board with soft- 
ware for loading operating system fram cassette 
All manuals provided, plus instruction manual on 
operation of the complete system. Heady to be 
plugged ín and run. $2500. Programming service 
also available. T Tai, 115 Bonny Ln, Collegevilie 
PA 19426. 


FOR SALE, New factory assemhiad Altair 28000 
with 20 K static programmable memory (1 4 K 
board, 1 16 К board), 88 АСА cassette interface, 
serial interface, ADM-3A complete cursor control 
CAT Extended BASIC software and all manuals; 
everything for only $2500 or best offer. Will can 
sider selling units separately for bast offer Going 
away to college and must sell system Please соп. 
tact 8 Roberts, 505 E 82 $1, Naw York NY 10028. 
1212) 734-5703. 


FOR SALE. Okidata CP 110 printer (prints up 
to 110 characters per second! with RS-232 tractor 
feed, bidirectional printing and onboard. self-test 
eleciromcs. Less than one year old. New unit costs 
over $1700 Will sacetice lor. 5850. You pay 
shipping. Send SASE for sample n) printout. 
Write to P Grivas, POB 3153, Walnut Creek. CA 
94598 


FOR SALE Oliver papertape readgr, $75, Poly- 
morphics VTi 64 video board, $190, IMSAI 
audio cassette interface board, 550. Practically 
unused. J Williams, 2415 Ansdel Ct, Reston VA 
22091. 


FOR SALE MITS 80800 mainirame. Never used, 
works, and is in good condition. Will sell for 
S400. Contact Tyrane Throop at 713 Erskine 
NW, Huntsville AL 35805, or call 1205] 837 9246. 


FOR SALE. DEC PDP 11/05 runs perfectly, has 
8 K x 16 core memory. Extra boards, cables, 
service information, test tapes and documentation 
included, First certified check for $1,500 plus 
shipping. Gerard C Plasse, 53 Мат St, Oxtord 
MA 01540. 1617) 987-5588 


FOR SALE. New TEC-9900-S5-U super starter 
system kit 16 bu TE. microprocessor, 32 bu 10, 
hardware multiply and divide, buffered bus, 20 mA 
or RS232, eight interrupt and sockets, Won at 
Hartford Ham Convention, List $299, trsi $175 
takes it, Bunker Ramo keyboard =2200 and video 
display Model 2217 with self contained PS, 
schematics and manuals $95. John Mesic, 5 Belvina 
Cir, Pelham NH 03076. (603! 635-2508, 


FOR SALE. SwTPC 6800 Computer with 4 К 
programmable memory. New and well constructed, 
100% guaranteed, $250. A Cunningham, 1151 
Seneca Pl, Charlotte NC 28210 


TRADE: Amateur radio equipment and tasting 
equipment for an Altair 8800 or Imsai. Send for 
information to Dale Hutchinson, 10818 Brentway 
Dr, Houston TX 77070. 


FOR SALE. Анай 8800a with 20 K program- 
табе memory and ASA 33 Telotype tatmosi 
new), reader, punch, interfaces, fan, manuals, 
atc, B K MITS BASIC on paper tape. Cost almost 
$4000 new. Works perfectly but want to build 
my own пом. Sacrifice this whole quality system 
tor $2495, or just $1895 without the Telerype. 
First cashier's check or maney order reservas this 
powerful computer and Teletype. Brian 4 Dowd, 
DOS, 1770 Century Cir NE, Atlanta GA 30345. 


32K FOR $475.00 


MEMORY CAPACITY 
MEMORY ADORESSING 
MEMORY WAITE 
PROTECTION 
ВК. 16K, 24K, 32K using Mios- 
tek ME ATIS wih 8K bound- 
anes and grotecton Uldizes 
СИР swiches PC board comes 
тыь sockets for 32K operation. 
Orders now сотга accepted 
A! ny 6 то B wecks Tor delivery 


Buy an $100 compatible BK Aam Board and upg 
32K эп steps of BK al your option by merely p 


S.D. SALES CO... тена 


DALLAS, TEXAS 75228 


B ORDER BY PHONE CALL TOLL FREE 1—800—527-3460 


EXPANDO RAM KIT 


Р.С. BOX 25810 


8K FOR $151.00 


INTEHFACE CAPABILITY 
Control, data and address In- 
puls шов low power 
Schottky devices. 

POWER REQUIREMENTS 

+ BVDC ОЮМА DC 

+ 18VDC 400M A DC 

—18VDC MA DC 
on board regulallan ba provid- 
ed. On board invisible) ralrosh 
тв provided wiih no walt alates 
or cycle stealing required. 

MEMORY ACCESS TIME 

18 375ns 
Mamory Cycle Time is 500ns. 


rade the same board to a maximum of 
urchasing mare ram chips from S.D. 


Sates! Ai a guaranteed price — Look at the features we have buit into the board 


PRICES START AT $151 FOR BK RAM KIT 


Add $108.00 for each additional 8K Ham 


2-80 CPU BOARD KIT — $139. 


CHECK THE ADVANCED FEATURES OF OUR Z—B0 
CPI! BOARD Expanded set of 158 instructions, BOSOA 
software capability, operation from a single 5VDG power 
5uliply, always stops on ап Mt slate, true sync generated 
On card [a real plus feature!), dynamic refresh and NMI 
aviniable. either 2M Hz or 4MHZ operation, quality double 
sided plated лд РС board: parts plus sockets priced 
hu all Ws Add $10 extra for Z—80A chip which allows 
ЧМН2 aprration Z—80 chip with Manual — $39.85 


MUSICAL HORN 


Өлө tune supphed wih cach кн. Additional tunes — 56.95 
wach Speci tunes available Standard tunes now available — 
Oam — Буза of Texas — On Wisconsin — Yankee Doodle 
Dandy — Notre Dame — Pink Panther — Aggie War Song — 
Anchors Away — Never on Sunday — Yellow Rose ot Texas — 
Doeg in the Heart a! Texas — Boomer Sooner — Bridge over 
Pier Кла 
САБ 5 BOAT KAT 
$34.95 


HOME KIT 
$26.90 


Special Design 
Case $3 50 


6 DIGIT ALARM CLOCK KIT 


Features: Litronix dual 1/2" displays, Mostek 
50250 super clock chip, single 1.С. segment 
driver, SCR digi! drivers. Kit includes all ne- 
cessary parts (except case). Xfmr optional. 
Eliminate the nassle. 

AC XFMR — $1.50 Case $3.50 


Bowmar 4 Digit LED Readout Array 
Full 12" Litronix Jumbo Dual 
Digit LED Displays 
4 JUMBO .50'"' DIGITS ON ONE STICK! 
WITH COLONS & AM/PM INDICATOR 


$3.95 
DL 722- C.C. DL 728- C.C. 
DL 721 8 C.A. DL 727 - С.А. 
$1.29 


THERMISTORS 
MEPCO — NEWI 
1 SK OHM 
5151.00 


Brit 20 


MAK ats HP, 
MSN b 


DISC CAPS 
FOR BYPASS 
От АЕО — 

WDC PC loads 


- lt ийгил mannal 40181 
ZO Ana dips manua 
rote PLE BET 
Hide FPE FT + 

Ртюзосе!! Asat 
Vin bought amos 
200K from a big US. 
т; Three product 
батек ^ smali 
medium aed dual 
pneroceüs — Perfect 
for all ‘ight тали 
бую application. 
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PROMS 


IUA- Tt Bus 3 Эко 10/25 
ira. a inted - abony 14 95 
7905 
250 
9.95 


COUNTER CHIPS 


Nes SEAT E Digit elapsed Ите” 
Mir UL AM Pf Ct 

ҺАКЛДАЗАЙ Atarm chin 

MESES P rt upitan counter 
Be SO? Der git ЕТ ЕИ 

КЛА? Cal cup sy гоо! 


a 
M TUA GAP grobes ARONS 
12151.00 


В 95 MICA TRIMMER 
5.99 PC 402 Miniature 
255 15—20PE 

12 9 P C. Mount 
в 95 аці 
z50 


TANTALUM CAPS 


Used in TV Tuners 


Originally weed m 
desk top calculis- 
tora Parfect for usa 
with LED aad other 
туре readauls 
AMBER — B tae 31 


ж 
MICRO-DIP 


8K LOW POWER RAM — $159.95 


Fully assembled and tested 
Not a ki. imsai — Attar — 
3-100 Buss compatibla, uses 
low power static 21L02-500ns 
fully buffered on board regural- 
ed, quality plated through PC 
board, Including solder mask. 8 
pes. dip switches lor address 
select. 


Jumbo LED Car Clock Kit 


FEATURES: 

A. Bowmar Jumbo .5 inch LEG array 

В. MOSTEK — 50250 — Super clock chip. 
C. On beard precision crystal time base 

D. 12 ar 24 hour Real Time lormat. 

E. Perlect for cars, boals, vans, afc, 

Е PC board and all parts (less саза} Inc 
Alarm option — $1 50 

AC XFMR — $t 50 


5 Digit Countdown Utility _ 
Darkroom Timer Kit 


Features: Large LED 1/2" displays 
oper {тот 0.1 sec, to 59 min 
59.99 sec. SA-115V. Relay included lo 
control appllances. Operates on t15V 
AC. Displays can be turned off for total 
darkness while counting. All nacessary 
parts inciuded. 

Special design саза $3.75. 


NEW COMPETITION CHESS TIME KIT 
WITH TWO INDEPENDENT FIVE DIGIT 


1/2" LED DISPLAYS 


The timers can be used In- 
dependently or coupled. 
The timer can be sel to 59 
minutes 59 9 seconds atQ1 
intervals Kit includes. aH 
necessary paris and ал &1- 
tractive woodgrain case 


$79.95 


FLAT PACK 
1С ASSORT. 
FLAT PACK 5400 
SERIES SPECIAL 
BUY FROM ITT 
то Азов 
неке tor $1.00 


* 


| ELECTRICAL COIL 
ТУГ TYPE С 
ҮТ TYPE C 
YOUR CHOICE 
12/51 


"МЕО 20V0C 
PC LEADS 
18 (or $1.00 


ж 


BALUM STANDAARD COLS 
Que in Ty Seip 172 
uh "5". and ! 5 uh 
10% Your chmpa 


12/51! 


AUTO COIL 
TBANF. 
Can De rewound geal loe hn бо pew 
tor Ham freq 


erty ты 


* 


PLASTIC REAO- 


OUT FILTERS TTL ASSCATMENT 


Con lang а mgh 
yeldal usable parta 
м. 


Handy шуф Parar- 
bol to maha tow onm- 
Og? power resiarora 
Helpt We Боо 
100 DOD piace! 

* 


25 юг 


$1.95 JOY STICKS 
New — Series 2300 
Tha World's Smallest 
Coded ВСО Dual-fn-Line 
Switch! PC Mount 
2300 02G BCD 1-2-4-8 
2300 12G ВСР 1-2-4-8 
Compliment 


POTS 


Ideal for 


electronic 
games 


Complete Kit 


2 TRANSISTOR 
AUDIO 
ari WiSpaca 
ost 


NEW CAMBION 
JACKS 
PART if 450-4352 


Gald Plated 
srst 


DISC CAP ASST. 
Po losis А! least 
10 diliacent values; 10012.00 
anchas OO, 
бб plus oth plan 
dard vatuen, 

8181.00 


FOUR 100 OEMS 


S.D. SALES NEW 

EXPANDABLE EPROM BOARD 
16K or 32K EPROM $49.85 w/out EPROM 
Allows you to use either 2708's for 16K of 
Eprom or 2716's for 32K of Éprom. 
KIT FEATURES: 
1. All address lines & data lines buffered. 
. Quality plated through P.C. Board, in- 
cluding solder mask and silk screen. 
Selectable wait states. 
. On board regulation provided. 
5. All sockets provided w/board. 


WE CAN SUPPLY 450ns 2708's AT $11.95 
WHEN PURCHASED WITH BOARD. 


4K LOW POWER RAM KIT 


Fully Buffered — on board regulated — 
reduced power consumption ulllizing 
low power 21102 — 1 S00ns RAMS — 
Sockets provided for ail IC's. Quality 
plated through PC board. “Add $10. for 
250ns RAM operation. 


The Whole Works - $79.95 


DIGITAL LED READOUT 
THERMOMETER — $29.95 


2 
3. 
4 


Features: Litronix dual 172" displays. 
Uses Silicoaix LD131 single chip CMOS 
AJD converter. Kit includes all neces- 
sary paris (excep! case); AC line cord 
and power supply included. 0-149° F 


6 Digit General Purpose or 
Computer Timer Kit — $29.95 


Features: Large LED 1/2'' displays, Mosiak 
50397 counter display/driver, counis up to 
58 minutas, 59.99 seconds with crystal con- 
trolled 1/100 second accuracy, operates on 
118V AC or 12V DC supply. All necessary 
parts Included. Special design case $3.75. 


Low Cost Cassette 
Interface Kit 
$14.95 


Features: К.С. standard 2400/1200 Hz, 300 Baud, TTL, VO 
compatible, phasa lock loop, 22 pin connector. Feeds serial dala 
via microprocessors 170 ports and Irom cassette tape recorder. 
314.95 


EL 


ИЕЛИ mu 


MICROPROCESSOR 
CHIPS. 


8212 -110 port 
824 —PAC. . 

8216 — Non Invert Bus 

8224 — Clock бап... : 

8226 — Invert Bus 

PIO for 2—80. 

CTC for 2—80. А 

8228 Sys. Controller . 

8251! Prog comm. interface 

8255 Prop. perp. interface 

8820 Dual Line Aecr 

8830 Dual Line Or. , 

2513 Char. Gen 

8838 Quad Bus. Recvr eet 
TALS138N = 178 decoder . 

8T97- Hex Tri-State Buller. - 
1488/1429 R5232 

TR 16026 Wart 


TRIMMER POTS 


10K, 20K. 25K 
OHM Mini for PC 
boards 
YOUR CHOICE 
10/81. 


* 


SILICON 
RECTIFIER 
Special! 

3NADO? 1 AMP 
1000 ру 
PRIME UNITS 
10755, 


w»sDSeERurkHo 
ЕЕ ЕЕН ТЕ ЕЕЕ 


woe 


* 


P.C. LEAD DIODES 
1NA148/ 1YNO14 


2-80 PROGRAMMING 
MANUAL 


OF, 1NAQ02 - 1A. 
— 100 PIV 


40141.00 


* IN DEPTH DETAIL OF 


THE Z-80 CPU 
VTAMDARD MICRO-COMPUTER 
ANT. TÉR. 


Used for Алі Hook- 
up on MI TV Sete. 


FU 


S.D. Sales Special 
$9.95 


*Choose $1. Free Merchandise From Asterisk Items on each $15 order! 


CALL IN YOUR BANKAMER- 
ICARD {VISA) OR MASTER 
CHARGE ORDER IN ON ОЦЕ 
CONTINENTAL TOLL FREE 


WATTS LINE: DEALER I 


Circle 103 on inquiry card. 


Texas Residents Cali Caliect: 


214/271—0022 
1—800— 


527—3460 


NOUIRIES INVITED} 


terms ~ бО Day 
Money Back Guarantee! 


NO COD's. TEXAS RESIDENTS ADO 
5% SALES TAX. ADD 5% OF ORDER 
FOR POSTAGE & HANDLING . OR- 
DERS UNDER $10. ADD 75c HAND- 
LING.FOREIGN ORDERS и. S. 
FUNDS ONLYI 
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Page No. 


AAA Chicago Computer Center 167 
Addison-Wesley Publishing 30 
Alpha Digital 128 

Anderson Jacobson 67 

AP Products 125 

Apple Computer 16, 17, 18 
Artec Electronics 55 

Atwood Enterprises 187 
Beckian Enterprises 187 

BITS 29, 129, 147, 160, 161, 171 
BYTE Binders 147 

BYTE Bound Volumes 92 
BYTE Index 147 

Byte Shop, Tustin 141 
California Applied Technology 147 
California Industrial 180 
Canada Systems 130 

Capital Equipment Brokers 133 
Carterfone 46 

Central Data 103 

CMC Marketing 73 

Component Sales 204 
Computer Corner 157 
Computer Enterprises 140 
Computer Hardware Store 157 
Computerland 58, 59 
Computer Machine Service 157 
Computer Mart of NH 157 
Computer Mart of NJ 131 
Computer Mart of Royal Oak MI 51 
Computer Place 167 

Computer Systems Store 157 
Computer World 105 

Cox, Roger 147 

Cromemco 1, 2 

DaJen 33 

Оа! Data Inc 46 

Databyte 21 

Data General 57 

Data Search 132 

Digital Group 75 

Digital Micro Systems 136 
Digital Research 189 


Inquiry No. 


To get further information on the products advertised in BYTE, fill out the reader 
service card with your name and address, Then circle the appropriate numbers for the 
advertisers you select from this list. Add a 13 cent stamp to the card, then drop it in the 
mail. Not only do you gain information, but our advertisers are encouraged to use the 
marketplace provided by BYTE, bringing you a bigger BYTE. 


Page No. 


Digital Systems 7 

Elcom Enterprises 167 
Electrolabs 181 

Electronic Control Technology 132 
Electronic Systems 191 
Electronic Warehouse 185 
Extensys 45 

CW Engel 134 

Forethought Products 145 
Gallagher Research (681) 133 
DC Hayes 175 

Heath CIV, 34 

Heuristics 97 

Hobby World 193 

IMSAI 43 

Integral Data Systems 63 
Integrated Circuits Unlimited 195 
International Data Systems 137 
Ithaca Audio 134 

Jade 196, 197 

James 198, 199, CIII 

Jensen Tools & Alloys 147 
Logical Services 126 

Manchester Equipmant 20 

Meca 183 

Meshna 201 

Micra Business 78 107 

Micro Diversions 47 

Micronics 130 

Micropolis 60 

Micropolis 61 

Microware 24 

Midwestern Scientific instruments 143 
Mikos 183 

Mini Micro Mart 135, 203 
Mountain Hardware 15 

mpi 129 

MSD 123 

National Digital Diagnostics 157 
National Multiplex 139 

NCC 78 151 

Netronics 128 

Newman Computer Exchange 176 
North Star Computer 23, 37 


Inquiry No. Page No. 

* Оһо Scientific Instruments 39, 40, 41 
88 OK Machine & Too! 101 
Oliver Audio Engineering 51 
Osborne & Associates 99 
91 PAIA 49 
Page Digital 185 
93 Parasitic Engineering 53 
94 Peripheral Vision 69 

* PolyMorphic Systems 31 
96 Poly Paks 177 
97 Priority | 205 
98 Processor Technology 87, 89, 91, 93 
99 ROM 149 
$-100 135 
Scelbi 13, 121 
* Scientific Research 83, 95 
SD Sales 207 
Silver State Enterprises 147 
Smoke Signal Broadcasting 115 
Software Records 141 
Solid State Music 5 
Solid State Sales 175 
Solid State Time 22 
Southwest Technical Products CII 
Structured Systems 159 
Summagraphics 127 
95 Synchro Sound 113 
Systemathica 157 
Tarbell Electronics 11 
Technical Design Labs 32 
Technical Systems Consultants 9 
18 TEI 73 
TLF 71 
Touchstone 147 
Trace Electronics 119 
Vamp 157 
Vector Graphic 65 
* Vista Computing 78, 79 
West Coast Computer Faire 153, 155 
Wintek 131 
Worldwide Electronics 147 
Xitex 145 
Xybek 136 
Yestronics 157 


“Reader Service inquiries not solicited. Correspond directly with company. 


Article No. ARTICLE PAGE 
1 Ciarcia: A Penny Pinching Address State Analyzer 6 
2 Wilber: CIE Net: A Network of Community Information Exchanges 14 
3 Bunce-Schwartz: Some Musings on Boolean Algebra 25 
4 Bober: Taking the First Step 35 
5 Smith: Simulation of Motion: Extended Objects, Applications for Boating 42 
6 Wabster-Y oung: Add a $3 Light Pen to Your Video Display 52 
7 Fylstra: SWEETS for KIM е 62 
8 Steinwedel: Personal Computers in a Distributed Communications Network во 
9 Kent: The Brains of Меп and Machines: How the Brain Controls Output 84 

10 Allen: A Minifloppy Interface 114 

11 McGath: Programming Entomology 162 

12 Grappel: A Simple Digital Filter 168 
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Tightly Clustered 


November's BOMB analysis provided two tight 
"clusters" of ratings in readers' reactions. The first 
cluster was a tie for first place between Steve 
Ciarcla's "Memory Mapped lO," page 10, and 
Burt Hashizume's tutorial on "Floating Point 
Arithmetic,” page 76. Each will receive a $100 
bonus check for placing 1.6 standard deviations 
above the mean. Тһе. second place cluster çon- 
sisted of two complete computer plans: "Kom- 
puutar" by David Brader, page 94, and "Building 
a Computer From Scratch" by Hilary Jones, page 
80. Each will receive a $50 bonus check for placing 
0.7 standard deviations above the mean in readers' 
preferences. For November's voting, the standard 
deviation (U) was 17% of the mean of 14 articles. 
Fill out your BOMB card with ratings from 0 to 10 
for each article, plus any uncensored comments 
you have for this direct line to the editor's desk 4 


One-Stop 
Component Center 
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CONNECTORS 
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TRANSISTORS 
DATA BOOKS! 

+400 7418 1и Шора 

GMOS Linear Dau lions 

Mtropsaceivor LED Dana Sone 
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А component product line developed for the independent dealer, Guaranteed, nationally advertised products. Complete 
JIM-PAK program includes national advertising, direct mail programs, store display racks, stock rotation plan and return 
policy. For dealer information, write or call JIM-PAK, 1021 Howard Avenue, San Carlos, CA 94070 (415) 592-8097. 
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SEE YOUR LOCAL Jisxesr DEALER TODAY... 


ALABAMA 
Mobile Lafayette Radio Electranics 


ARIZONA 


Fountain Hills P & C Communications 


CALIFORNIA 


Betlfiawer 
Berkeley 


Earl's Hobby Shop 
Al Lasher Electronics 
Fontana Fontana Electronics 
Long Beach Scort Radio Supply 
Monterey Zackit 
Palo Alte Zack Electronics 
Pasadena Dow Radio Inc. 
Sacramento The Radio Place 
Sacramento Zackit 
San Carlos J& H Outlet Store 
San Francisco Zack Electronics 
San Jose Quernent Electronics 
Sunnyvale Sunnyvale Electrons 
Vallejo Zack 
Wainut Creek Byte Shop Computer Stare 


CANADA 
Alberta (Calgary) 
COLORADO 
Aurora Cam Co Electromes 
Steamboat Springs Norm's TV & Elecrronics 
CONNECTICUT 
Bridgeport 
FLORIDA 
Lakeland Lakeland Specialty Electranics 
Orlando Altair Computer Center of Orlando 
Tampa АМЕ Electronics 
Tampa Microcomputer Systems 
FRANCE 
Paris Computer Boutique 
GEORGIA 
Atlanta 
HAWAII 
Ажа Detcoms Hawaii 
Honolulu integrated Circuit Supply 
IDAHO 
Idaho Falis 
ILLINOIS 
Evanstan 
Groveland 


The Computer Shop 


Computer Worki 


Avani Computer Mart 


Auchotranies 


itty Bitty Machine Со, 
Moyer Electranics 


Circle 63 on inquiry card. 


ILLINOIS iCont'dt 
Mount Prospect 
Oak Park 

INDIANA 
East Chicago 
Hammond 

KENTUCKY 
Lexington 

LOUISIANA 
Baton Rouge 

MARYLAND 
Baltimore 
Baltimore 
Rockville 
Towson 

MASSACHUSETTS 
Medford 
Narth Adams 
Wat tham 

MICHIGAN 
Grand Raputts 
Lansing 

MINNESOTA 
Duluth Nori wesr Aitio of Duliith 
Eagan Dacom Ariane Rane Center 

MISSQURI 
Parkwille Computer Workshop of Kansas City 

MONTANA 
Billings 

NEBRASKA 
Lincotn Altar Computer Conter 
Omaha Отана Computer Store 

NEVADA 
Las Vegas 

NEW JERSEY 
Cherry Arif 
Haboken 
Pompien Lakes 


Tri-State Electronics 
Spectranves 


Acro Flectronies 
Оши Computer Works 


Racho-Electromc Equipment Co. 
Davis Elacrrarics Supply 


Computer Workshop of Baltimore 
Every thing Electronic 

Computer Warkshog 

Computers, Ete. 


Tufts Electronics 
Electronics Supply Center 
Computer Mart Inc. 


Micra Computer World 
Futton Наа Supply 


Conley Radio Supply 


Century 23 


Computer Systems Untinited 
Hoboken Computer Works 
Computer Corner 
n! Now Jersey 
Ramsey Typerronic Computer Store 
NEW YORK 
Albany Fort Orange Eleciranics 
New York The Computer Stores fne. 
New York Computer Mart of New York 
Tray Trojan Electronics 
White Plains The Computer Carner 
NORTH CAROLINA 
Raleigh Byw Shop of Raleigh 


OHIO 
Bucyrus 
Cincinnati 
Dayton 
Reynoldsburg 
Steubenvillo 
OKLAHOMA 
Guymon 
Oklahoma City 
OREGON 
Beaverton 
Coos Bay 
Ontario 
PANAMA 
Panama City 
PENNSYLVANIA 
Hershey 
Murraysville 


RHODE ISLAND 
Cranston 
Pawtucket 


SOUTH CAROLINA 


No. Charleston 
TENNESSEE 
Knoxville 
Memphis 
Oak Ridge 
TEXAS 
Dallas 
Houston 
Houston 
San Antonio 
VIRGINIA 
Alexandria 
Alexandria 
Richmond 
Springfield. 


Virgina Beach 
WASHINGTON 
Believue 
Longview 
Pasco 
Spokane 
WEST VIRGINIA 
Morgantown 
Morgantown 


Mead Electronics 

Digital Design 

Altair Computer Center 
Universal Amateur Radio 
Hosfelt Electronics 


Sound Service 
Bits, Bytes & Micros 


Altair Computer Center 
Herrick Electronix 

Miller Electronics 

Soritel, S.A. 
Microcomputer Systems Inc 
Computer Workshop 

of Pittsburgh 


Jabbour Electronics City 
Jabbour Electronics City 


Technica! Services Inc. 
Byte Shop 


Sere-Rose & Spencer Electronics 


Computer Denn 


Computer Shops inc. 

Altair Computer Center 
Interactive Computers 
Sherman Electromes Supply 


Computer Hardware Store 
Computers Plus 

Compurers- To-Go 
Computer Workshop 

of North Virginia 

Heathkit Electronics Center 


Altair Computer Center 
Progress Electronics 
Riverview Electronics 
Personal Computers 


The Computer Corner 
Electro Distributing Co. 


most powerful 
microcomputer 
comes home 


Computer hobbyists have RS 


wanted the powe 
sional machines. 


yir kA ини 


But they've had 
to settle for less. шии 
Professional | 


machines were 
too expensive. 
Not anymore. 
Now there's the 
Heathkit H11 


Professional Же ысын kit Жн, 
The HII uses Digital Equipment Cor- 
poration's 16-bit LSI-11 CPU. Exactly the 
same CPU found in the famous DEC 
PDP-11 — probably the most popular 
commercial and industrial computer in 
the world. So now a low-cost kit gives 
you the.speed, power and throughput 
`` the world's most popular professional 
vomputer 
Software and support. As an HII 
owner, you have access to an incredible 
range of software — editor, relocatable 
assembler, linker, absolute loader, debug 
program, I/O executive prograin, dump 
routines, BASIC and FOCAL. And, by 
joining the DEC user's group (DECUS), 
youcan have access to one of the largest 
software libraries in the world. Апа 
there's more to соте. Much more. 
Of course, the H11 executes the power- 
ful PDP 11/40 instruction set which in- 
cludes over 400 commands. And the fully 
assembled KD-1IF CPU board includes 


Be sure to use coupon 
on page 34 of this 
magazine to order your 
FREE Heathkit Catalog! 


CES fel 


EL i = АК x 16 bits of memory. The backplane 
ELI AS E accepts up to six additional modules 
[emm lm (memory, serial and parallel I/O, etc.) 


Heath will soon introduce a dual floppy 
with a disk operating system to take 


the worlds 


full advantago 5t 'he Hls power. And 
the HII is 01у compatible with all DEC 
LSI-11 accessories, 

Heath documentation is second to none. 
You get illustrated step-by-step instruc 
tions on how to build the kit, thorough 
explanations of the software and compre 
hensive operating instructions. If you 
want to see for yourself, we'll send you 
the entire manual set (#HM-1100) for 
just $25. And you can apply the cost to 
the price of the computer. 

With the Heathkit H11, you can enjoy 
power, speed, versatility and potential 
no 8-bit machine can match. And the 
НІ] costs little more than lesser 
computers ~ just $1295" 


Don't settle for less than the best. А 
close look in the latest Heathkit catalog 
will convince you that the HII is the 
best home computer you can buy. 


k DEC, DECUS. "DP 
| and FOCAL aie 


Michigan: Retail 
rice slightly 
igher 
Prices and 
Specifications 
subjecto change 
Without то! се 


System Engineered 


for Personal Computing 


Circle 54 on inquiry card. 


